
Edge Index 
by Product Family 


Here is the new Linear Data Handbook from National. It gives complete specifications for devices useful 
in building nearly all types of electronic systems, from communications and consumer oriented circuits 
to precision instrumentation and computer designs. 

For information regarding newer devices introduced since the printing of this handbook, or for further 
information on listed parts, please contact our local representative, distributor, or regional office. 


Voltage Regulators 
Operational Amplifiers 
Voltage Comparators/ Buffers 
Functional Blocks 
Consumer Circuits 
Transistor/Diode Arrays 
Analog Switches 
New Products 
Physical Dimensions/Def. of Terms 


Manufactured under one or more of the following U.S. patents: 3083262 , 3189758 , 3231797 , 3303356 , 3317671, 3323071, 3381071, 3408542, 3421025, 3426423, 3440498 , 3518750, 3519897 , 3557431, 3560765, 
3566218, 3571630, 3575609 , 3579059, 3593069, 3597640, 3607469 , 3617859 , 3631312 , 3633052, 3638131, 3648071, 3651565 , 3693248. 

National does not assume any responsibility for use of any circuitry described; no circuit patent licenses are implied; and National reserves the right, at any time without notice, to change said circuitry. 
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Ordering Information 



PACKAGE 

D — Glass/Metal Dual-In-Line Package 
F — Glass/Metal Flat Pack 
H - TO-5 (TO-99, TO-IOO, TO-46) 

J - Low Temperature Glass Dual-ln-Line Package 
K - TO-3, TO-66 

M — "Wide-Track" Power Plastic Dual-ln-Line Package 
N - Plastic Dual-ln-Line Package 
P — TO-202 (D-40, Durawatt) 

R - "DIACON" Type Dual-ln-Line Package 
S — "SGS" Type Power Dual-ln-Line Package 
T - TO-220 

W — Low Temperature Glass Flat-Pack 
Z - TO-92 

DEVICE NUMBER 

3, 4, or 5 Digit Number Suffix Indicators: 

A — Improved Electrical Specification 
C — Commercial Temperature Range 

DEVICE FAMILY 

AH — Analog Hybrid 
AM — Analog Monolithic 
LF - Linear FET 
LH — Linear Hybrid 
LM — Linear Monolithic 
LX — Transducer 
MM - MOS Monolithic 


Devices are listed in the table of contents alpha-numerically by device family (LH, LM, LX, etc.) and then by device number. 
With most of National's proprietary linear circuits, a 1-2-3 numbering system is employed. The 1 denotes a Military temperature 
range device (-55°C to +125°C), the 2 denotes an Industrial temperature range device (-25°C to +85°C), and the 3 denotes a 
Commercial temperature range device (0°C to +70°C), i.e. LM101/LM201/LM301. 

Exceptions to this are the LM1800 series of consumer circuits which are specified for the commercial temperature range; 
some hybrid circuits which employ a "C" suffix to denote the commercial temperature range; and second-source products 
which follow the original manufacturers numbering system, i.e. LM741/LM741C or LM1414/LM1514. 



Parts are generally listed in the table of contents by military part number first, i.e. LM139/LM239/LM339. Where a separate 
data sheet exists for a different temperature range, the device will be listed separately, i.e. LM119/LM219 and listed separately 
LM319. Where only one temperature range exists, the part will be listed in its proper order, i.e. LM340. 






National Product Catalogs 


CMOS INTEGRATED CIRCUITS 

Gates 

Buffers 

Flip-Flops 

Counters 

Shift Registers 

Decoders/Multiplexers 

Memories 

Arithmetic Functions 
Special Functions 


DIGITAL INTEGRATED CIRCUITS 

Series 54/74 
Series 54H/74H 
Series 54L/74L 
Series 74S 
Series 930 
Series 9000 
Series 10,000 


INTERFACE INTEGRATED CIRCUITS 

Level Translators/Buffers 
Memory/Clock Drivers 
Line Drivers/Receivers 
Peripheral/Power Drivers 
Display Drivers 
Sense Amplifiers 
Applications 


JFET TRANSISTORS 

Specifications 

Applications 

Curves 

Selection Guides 

Scheduled Publication Date: First Quarter 1975 


LINEAR INTEGRATED CIRCUITS 

Voltage Regulators 
Operational Amplifiers 
Voltage Comparators/Buffers 
Functional Blocks 
Consumer Circuits 
Transistor/Diode Arrays 
Analog Switches 


LINEAR APPLICATIONS 

Indexed Cross Referenced Collection of Linear Inte- 
grated Circuit Applications using Both Monolithic and 
Hybrid Linear Circuits 


MEMORY INTEGRATED CIRCUITS 

Bipolar and MOS RAMs 

Bipolar and MOS ROMs 

Bipolar and MOS PROMs 

Clock Drivers and Their Applications 

Scheduled Publication Date: First Quarter 1975 

MICROPROCESSOR MANUAL 

Includes LSI Processor Building Blocks and Support 
Items Including Chip Sets, Microcomputer Cards, and 
Prototyping Systems. Scheduled Publication Date: First 
Quarter 1975. 

MOS INTEGRATED CIRCUITS 

Dynamic Shift Registers 
Static Shift Registers 
PROMs/ROMs 
RAMs 

Clock Drivers 
Analog Switches 
ROM Character Generators 
ROM Code Convertors 
Custom MOS/LSI 
Complex Standards 
Integrated Circuits 
Microprocessors 
Applications 

OPTOELECTRONICS HANDBOOK 

Opto-Couplers 
Calculator Display Arrays 
Numeric Displays 
LED Lamps 
LED Drivers 
Calculator Circuits 
Digital Clock Circuits 
Application Notes 

Scheduled Publication Date: First Quarter 1975 

SPECIAL FUNCTION ANALOG AND 
DIGITAL CIRCUITS 

Amplifiers 

Buffers 

Sample and Hold Amplifiers 

Comparators 

Analog Switches 

MOS Clock Drivers 

Digital Drivers 

Power Supplies 

TRANSDUCER 

Pressure 

Temperature 

TRANSISTOR 

Small Signal 
Field Effect 
Power 




Industry Package Cross-Reference 
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LM555/LM555C Timer 4-9 

LM556 Dual Timer 8-3 

LM565/LM565C Phase Locked Loop 5-59 

LM566/LM566C Voltage Controlled Oscillator 5-64 

LM567/LM567C Tone Decoder 5-67 

LM703L Low Power Drain RF/IF Amplifier 5-71 

LM709 Operational Amplifier 2-214 

LM709A Operational Amplifier 2-217 

LM709C Operational Amplifier 2-220 

LM710 Voltage Comparator 3-46 

LM710C Voltage Comparator 3-49 

LM71 1 Dual Comparator 3-52 

LM711C Dual Comparator 3-55 

LM723/LM723C Voltage Regulator 1-81 

LM725A/LM725/LM725C Instrumentation Operational Amplifier 2-223 

LM733/LM733C Differential Video Amplifier 5-73 

LM741/LM741C Operational Amplifier 2-229 

LM746 Color Television Chroma Demodulator 5-77 

LM747/LM747C Dual Operational Amplifier 2-231 

LM748/LM748C Operational Amplifier 2-235 

LM760/LM760C High Speed Differential Voltage Comparator 3-42 

LM1303 Stereo Preamplifier 5-79 

LM1304 FM Multiplex Stereo Demodulator 5-81 

LM1305 FM Multiplex Stereo Demodulator 5-81 

LM1307 FM Multiplex Stereo Demodulator 5-81 

LM1310 Phase Locked Loop FM Stereo Demodulator 5-87 

LM1351 FM Detector, Limiter and Audio Amplifier 5-89 

LM1414 Dual Differential Voltage Comparator 3-58 

LM1458 Dual Operational Amplifier 2-238 

LM1496 Balanced Modulator-Demodulator 5-91 

LM1514 Dual Differential Voltage Comparator 3-58 

LM1558 Dual Operational Amplifier 2-238 

LM1596 Balanced Modulator-Demodulator 5-91 

LM1800 Phase Locked Loop FM Stereo Demodulator 5-95 

LM1808 Monolithic TV Sound System 5-97 

LM1820 AM Radio System. 5-101 

LM1829 TV Chroma Processor 5-103 

LM1845 Signal Processing System 5-106 

LM2111 FM Detector and Limiter 5-108 

LM2113 FM Detector and Limiter 5-110 

LM2900 Quad Amplifier 2-240 

LM2901 Quad Comparator 3-60 

LM2902 Quad Operational Amplifier 2-242 

LM2905 Precision Timer 4-15 

LM3011 Wide Band Amplifier 5-112 

LM3018/LM3018A Matched Monolithic Transistor Arrays 6-15 

LM3019 Diode Array 6-19 

LM3026 Transistor Array 6-22 





LM3028A/LM3028B Differential RF/IF Amplifier 5-114 

LM3039 Diode Array 6-28 

LM3045 Transistor Array 6-31 

LM3046 Transistor Array 6-31 

LM3053 Differential RF/IF Amplifier 5-114 

LM3054 Transistor Array 6-22 

LM3064 Television Automatic Fine Tuning 5-118 

LM3065 Television Sound System 5-120 

LM3067 Chroma Demodulator 5-122 

LM3070 Chroma Subcarrier Regenerator 5-125 

LM3071 Television Chroma IF Amplifier 5-129 

LM3075 FM Detector/Limiter and Audio Preamplifier 5-131 

LM3086 Transistor Array 6-31 

LM3089 FM Receiver IF System 8-4 

LM31 1 8/LM31 18A Matched Monolithic High Voltage Transistor Arrays 6-36 

LM3145/LM3145A High Voltage Transistor Arrays 6-41 

LM3146/LM3146A High Voltage Transistor Arrays 6-41 

LM3302 Quad Comparator 3-66 

LM3900 Quad Amplifier 2-250 

LM3905 Precision Timer 4-15 

LM4250/LM4250C Programmable Operational Amplifier 2-258 

LM78LXX Series 3-Terminal Positive Regulators 1-86 

MM450 MOS Analog Switch 7-27 

MM451 MOS Analog Switch 7-27 

MM452 MOS Analog Switch 7-27 

MM454 4-Channel Commutator 7-31 

MM455 MOS Analog Switch 7-27 

MM550 MOS Analog Switch 7-27 

MM551 MOS Analog Switch 7-27 

MM552 MOS Analog Switch 7-27 

MM554 4-Channel Commutator 7-31 

MM555 MOS Analog Switch 7-27 

MM4504 6-Channel MOS Multiplex Switch 7-22 

MM5504 6-Channel MOS Multiplex Switch 7-22 
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Military Hybrid Op Amp Selection Guide 







MILITARY TEMPERATURE RANGE: 

-55°Cto+125°C 






Device 

Input 

Offset 

Voltage 

Max 

(mV) 

Input 

Offset 

Voltage Drift 
Typ 

(pV/°C) 

Input 

Offset 

Current 

Max 

(nA) 

Input 

Bias 

Current 

Max 

(nA) 

Voltage 

Gain 

Min 

(Volts/V) 

Bandwidth 
A v = 1 
Typ 
(MHz) 

Slew Rate 
A v = 1 
TYP 
(V/ps) 

Output 

Current 

(mA) 

Supply Voltage 

Min Max 

(V) (V) 

Common 

Mode 

Range 

(V) 

Differential 

Input 

Voltage 

(V) 

Supply 

Current 

Max 

(mW) 

Compensation 

Components 

Package Types 

LH0001 

1 

4 

20 

100 

25,000 

1 

.25 

±5 

±5 

±20 

±V S 

±7 

.5 

2 

TO-5 

LH0001A 

2.5 

3 

20 

100 

25.000 

1 

.25 

±5 

±5 

±20 

±V S 

±7 

.5 

2 

TO-5 DIP F.P. 

LH0002 

30 

(Note 2) 

10 x 10 3 

10 4 

.95 

50 

100 

±100 

±5 

±22 

±V S 

(Note 2) 

100 

0 

TO-5 DIP 

LH0003 

3 

4 

200 

2000 

15 

30 

(Note 1) 

30 

(Note 1) 

±50 

±5 

±20 

±v s 

±7 

30 

2 

TO-5 

LH0004 

1 

4 

20 

100 

30 

1 

.25 

±15 

±5 

±45 

±v s 

±7 

1.5 

2 

TO-5 

LH0005 

10 

20 

20 

50 

2 

30 

(Note 1) 

20 

(Note 1) 

±50 

±9 

±20 

±v s 

±15 

90 

3 

TO-5 

LH0020 

2.5 

10 

50 

250 

100,000 

1 

.25 

±40 

±5 

±22 

±v s 

±30 

50 

2 

TO-5 

LH0021 

3 

3 

100 

300 

100,000 

1 

3 

±1000 

±5 

±18 

±V S 

±30 

35 

0 

TO-3 

LH0022 

4 

5 

.002 

.01 

100,000 

1 

3 

±10 

±5 

±22 

±v s 

±30 

35 

0 

TO-5 DIP F.P. 

LH0024 

4 

20 

3 x 10 3 

20 x 10 3 

4000 

50 

400 

±100 

±9 

±18 

±v s 

±5 

252 

1 

TO-5 

LH0032 

5 

25 

.01 

.02 

1000 

50 

500 

±100 

±5 

±18 

±v s 

±30 

200 

2 

TO-8 

LH0033 

10 

(Note 3) 

(Note 3) 

.1 

.97 

(Note 3) 

100 

1500 

±100 

±5 

±20 

±V S 

(Note 3) 

220 

0 

TO-8 8 PIN J 

LH0041 

3 

3 

100 

300 

100,000 

1 

3 

±200 

±5 

±18 

±v s 

±30 

35 

0 

TO-8 8 PIN J 

LH0042 

20 

5 

.005 

.025 

50,000 

1 

3 

±10 

±5 

±22 

±v s 

±30 

35 

0 

TO-5 DIP F.P. 

LH0052 

.5 

2 

.0001 

.001 

100,000 

1 

3 

±10 

±5 

±22 

±v s 

±30 

25 

0 

TO-5 DIP 

LH0061 

4 

5 

100 

300 

50,000 

15 

70 

±500 

±5 

±18 

±V S 

(Note 4) 

100 

1 

TO-3 

LH0062 

5 

5 

.001 

.025 

50.000 

15 

70 

±6 

±5 

±20 

±V S 

±30 

80 

0 

TO-5 DIP 

LH0063 

25 

(Note 1) 

(Note 3) 

.2 

.96 

(Note 3) 

150 

6000 

±400 

±5 

±18 

±v s 

(Note 3) 

500 

0 

TO-3 



Note 1: Specified for A \j = - 
Note 2: Current booster. 

10. 


Note 3: Voltage follower. 

Note 4: Inputs have shunt-diode protection; current 

must be li 

mited to ±10 mA. 
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XV111 


Military Op Amp Selection Guide 


MILITARY TEMPERATURE RANGE: -55°C < T A <+125°C 


Device 

Input 

Offset 

Voltaget 

Max 

(mV) 

Input 

Offset 

Voltage Drift 
Max 

(mV/°c) 

Input 

Offset 

Currentt 

Max 

(nA) 

Input 

Bias 

Currentt 

Max 

(nA) 

Voltage 

Gaint 

(Volts/V) 

Bandwidth 
A v = 1 
Typ 
(MHz) 

Slew Rate 
A v = 1 
Typ 
(V/jus) 

Output 

Current 

Max 

(mA) 

Supply Voltage 

Min Max 

Typ (V) 

(V) 

Common 

Mode 

Range 

(V) 

Differential 

Input 

Voltage 

(V) 

Supply 

Currentt 

Max 

(mA) 

Compensation 

Components 

Package Types 

LH101 

6 

6 

500 

1500 

50k 

1 

.5 

5 

±3 

±22 

±12 

±30 

3 

0 

TO-5 F.P. 

LM101 

6 

6 

500 

1500 

50k 

1 

.5 

5 

±3 

±22 

±12 

±30 

3 

1 

TO-5 F.P. 

LM101A 

LH2101A (Note 1) 

3 

15 

20 

100 

50k 

1 

.5 

7.5 

±3 

±22 

±12 

±30 

3 

1 

TO-5 DIP F.P. 

LM102 

7.5 

6 typ 

* 

100 

.999 

10 

10 

1 

±12 

±18 

±10 

* 

5.5 

1 

TO-5 

LM107 

3 

15 

20 

100 

50k 

1 

.5 

7.5 

±3 

±22 

±12 

±30 

3 

0 

TO-5 DIP F.P. 

LM108 

LH2108 (Note 1) 

3 

15 

.4 

3 

50k 

1 

.3 

1 

±2 

±20 

±14 

(Note 2) 

.6 

1 

TO-5 DIP F.P. 

LM108A 

LM2108A (Note 1) 

1 

5 

.4 

3 

80k 

1 

.3 

1 

±2 

±20 

±14 

(Note 2) 

.6 

1 

TO-5 DIP F.P. 

LM110 

LH21 10 (Note 1) 

6 

12 

* 

10 

.999 

20 

30 

1 

±5 

±18 

±10 

• 

5.5 

0 

TO-5 DIP 

LM112 

3 

15 

.4 

3 

50k 

1 

.2 

1 

±2 

±20 

±14 

(Note 2) 

.6 

0 

TO-5 DIP F.P. 

LM118 

4 

* 

50 

250 

50k 

15 

50 min 1 " 

5 

±5 

±18 

±11.5 

(Note 2) 

7 

0 

TO-5 DIP F.P. 

LM124 (Quad) 

5 

* 

30 

300 

100k 

1 

* 

40 

5 (±1.5) 

32 (±15) 

V + - 1.5 

32 

2 

0 

DIP F.P. 

LM709 

6 

6 

500 

1500 

25k 

1 

.3 

5 

±9 

±18 

±8 

±5 

5.5 

3 

TO-5 

LM725 

1.5 

5 

40 

200 

1000 

.5 

.005 

5 

±3 

±22 

±13. 5t 

±5 

3.5 

4 

TO-5 F.P. 

LM741 

6 

* 

500 

1500 

50k 

1 

.5 

5 

±3 

±22 

±12 

±30 

2.9 

0 

TO-5 DIP F.P. 

LM747 

6 

* 

500 

1500 

50k 

1 

.5 

5 

±3 

±22 

±12 

±30 

5.6 

0 

TO-5 DIP F.P. 

LM748 

6 

6 

500 

1500 

50k 

1 

.5 

5 

±3 

±22 

±12 

±30 

2.9 

1 

TO-5 

LM1558 (Dual) 

6 

* 

500 

1500 

50k 

1 

.5 

5 

±3 

±22 

±12 

±30 

2.9 

0 

TO-5 

LM4250 

LH 24250 (Note 1) 

4 

* 

5 

15 

100k 

.25 

.16 

.75 

±1 

±18 

±12 

±15 

.03 set 

0 

TO-5 




•Not specified, 
f Guaranteed at +25° C. 


Note 1: Dual version of device. 

Note 2: Inputs have shunt-diode protection; current 

must be limited. 







XIX 


Industrial Hybrid Op Amp Selection Guide 


INDUSTRIAL TEMPERATURE RANGE: -25°C to +85°C 


Device 

Input 

Offset 

Voltage 

Max 

(mV) 

Input 

Offset 

Voltage Drift 
Typ 

(MV/ C) 

Input 

Offset 

Current 

Max 

(nA) 

Input 

Bias 

Current 

Max 

(nA) 

Voltage 

Gain 

Min 

(Volts/V) 

Bandwidth 
Ay = 1 
Typ 
(MHz) 

Slew Rate 
Ay = 1 
Typ 
(V/ms) 

Output 

Current 

(mA) 

Supply Voltage 
Min Max 

(V) (V) 

Common 

Mode 

Range 

(V) 

Differential 

Input 

Voltage 

(V) 

Supply 

Current 

Max 

(mW) 

Compensation 

Components 

Package Types 

LH0001AC 

5 

3 

60 

200 

.25 

1 

.25 

±5 

±5 

±20 

±v s 

±7 

1.3 

2 

TO-5 DIP F.P. 

LH0002C 

30 

(Note 2) 

10 x 10 3 

10 4 

.95 

(Note 2) 

50 

100 

±100 

±5 

±22 

±v s 

(Note 2) 

100 

0 

TO-5 DIP 

LH0003C 

3 

4 

200 

2000 

15,000 

30 

(Note 1) 

30 

(Note 1) 

±50 

±5 

±20 

±V S 

±7 

30 

2 

TO-5 

LH0004C 

1.5 

4 

45 

120 

30,000 

1 

.25 

±15 

±5 

±45 

±v s 

±7 

1.5 

2 

TO-5 

LH0005C 

10 

25 

25 

100 

2000 

30 

(Note 1) 

20 

(Note 1) 

±50 

±9 

±20 

±v s 

±15 

90 

3 

TO-5 

LH0020C 

6 

10 

200 

500 

50,000 

1 

.25 

±100 

±5 

±18 

±V S 

±30 

50 

2 

TO-5 

LH0021C 

6 

5 

200 

500 

100,000 

1 

3 

±1000 

±5 

±18 

±V S 

±30 

40 

0 

TO-3 

LH0022C 

6 

5 

.005 

.025 

75,000 

1 

3 

±10 

±5 

±22 

±V S 

±30 

24 

0 

TO-5 DIP F.P. 

LH0024C 

8 

25 

5 x 10 3 

22 x 10 3 

3500 

50 

400 

±100 

±9 

±18 

±V S 

±5 

252 

1 

TO-5 

LH032C 

15 

25 

.02 

.5 

700 

50 

500 

±100 

±5 

±20 

±V S 

±30 

220 

2 

TO-8 

LH0033C 

20 

(Note 3) 

(Note 3) 

.15 

.96 

(Note 3) 

100 

1500 

±100 

±5 

±20 

±V S 

(Note 3) 

240 

0 

TO-8 8 PIN J 

LH0041C 

6 

5 

200 

500 

100,000 

1 

3 

±200 

±5 

±18 

±V S 

±30 

40 

0 

TO-8 8 PIN J 

LH0042C 

20 

10 

.01 

.05 

25,000 

1 

3 

±10 

±5 

±22 

±V S 

±30 

28 

0 

TO-5 DIP F.P. 

LH0052C 

1 

5 

.0002 

.005 

75,000 

1 

3 

±10 

±5 

±22 

±V S 

±30 

30 

0 

TO-5 DIP 

LH0061C 

10 

5 

200 

200 

25,000 

15 

70 

±500 

±5 

±18 

±v s 

(Note 4) 

150 

1 

TO-3 

LH0062C 

15 

10 

.002 

.065 

25,000 

15 

70 

±6 

±5 

±20 

±V S 

±30 

120 

0 

TO-5 DIP 

LH0063C 

50 

(Note 3) 

(Note 3) 

.2 

.96 

(Note 3) 

150 

6000 

±400 

±5 

±18 

±v s 

(Note 3) 

500 

0 

TO-3 


Note 1: Specified for Ay = —10. Note 3: Voltage follower. 

Note 2: Current booster. Note 4: Inputs have shunt-diode protection; current must be limited to ±10 mA. 
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XX 


Industrial Op Amp Selection Guide 







INDUSTRIAL TEMPERATURE 

RANGE: 

-25°C < T a 

< +85° C 






Device 

Input 

Offset 

Voltaget 

Max 

(mV) 

Input 

Offset 

Voltage Drift 
Max 
(juV/°C) 

Input 

Offset 

Currentt 

Max 

(nA) 

Input 

Bias 

Currentt 

Max 

(nA) 

Voltage 

Gaint 

(Volts/V) 

Bandwidth 
A v = 1 
Typ 
(MHz) 

Slew Rate 
A v = 1 
Typ 
(V/ms) 

Output 

Current 

Max 

(mA) 

Supply Voltage 

Min Max 

Typ (V) 

(V) 

Common 

Mode 

Range 

(V) 

Differential 

Input 

Voltage 

(V) 

Supply 

Currentt 

Max 

(mA) 

Compensation 

Components 

Package Types 

LM201A 

LH2201A (Note 1) 

2 

15 

20 

75 

25k 

1 

.5 

5 

±3 

±22 

±12 

±30 

3 

1 

TO-5 DIP F.P. 

LM202 

10 

15 typ 

* 

15 

.999 

10 

10 

1 

±12 

±18 

±10 

* 

5.5 

0 

TO-5 

LM207 

2 

20 

20 

75 

25k 

1 

.5 

5 

±3 

±22 

±12 

±30 

3 

0 

TO-5 DIP F.P. 

LM208 

LH2208 (Note 1) 

2 

15 

.2 

2 

50k 

1 

.3 

1 

±2 

±20 

±14 

(Note 2) 

.4 

1 

TO-5 DIP F.P. 

LM208A 

LH2208A (Note 1) 

.5 

5 

.2 

2 

80k 

1 

.3 

1 

±2 

±20 

±14 

(Note 2) 

.4 

1 

TO-5 DIP F.P. 

LM210 

LH2210 (Note 1) 

4 

* 

* 

3 

.999 

20 

30 

1 

±5 

±18 

±10 

* 

5.5 

0 

TO-5 DIP F.P. 

LM212 

2 

15 

.2 

2 

50k 

1 

.3 

1 

±2 

±20 

±14 

(Note 2) 

.6 

0 

TO-5 DIP F.P. 

LM216 

10 

* 

.05 

.15 

10k 

1 

.3 

1 

±5 

±20 

±13 

(Note 2) 

.8 

0 

TO-5 DIP F.P. 

LM216A 

3 

* 

.015 

.05 

20k 

1 

.3 

1 

±5 

±20 

±13 

(Note 2) 

.6 

0 

TO-5 DIP F.P. 

LM218 

4 

* 

50 

500 

50k 

15 

50 mint 

5 

±5 

±18 

±11.5 

(Note 2) 

7.5 

0 

TO-5 DIP F.P. 

LM224 (Quad) 

7 

* 

50 

500 

100k 

1 

* 

40 

3 (±1.5) 

30 (±15) 

V + - 1.5 - 

32 

2 

0 

DIP 

LM725B 

1.5 

10 

20 

100 

500k 

.5 

.005 

5 

±3 

±22 

±13.5 

±5 

4 

4 

TO-5 DIP 

LM2900 (Quad) 

* 

* 

* 

200 

2.8k 

2.5 

20 

18 

4 

36 

* 

* 

10 

0 

DIP 




•Not specified. 

^Guaranteed at +25°C. 


Note 1: Dual version of device. 

Note 2: Inputs have shunt-diode protection; current 

must be limited. 







XXI 


Commercial Op Amp Selection Guide 







COMMERCIAL TEMPERATURE 

RANGE: 

0°C<T A 

< +70°C 






Device 

Input 

Offset 

Voltaget 

Max 

(mV) 

Input 

Offset 

Voltage Drift 
Max 
OiV/°C) 

Input 

Offset 

Currentt 

Max 

(nA) 

Input 

Bias 

Currentt 

Max 

(nA) 

Voltage 

Gaint 

(Volts/V) 

Bandwidth 
A v = 1 
Typ 
(MHz) 

Slew Rate 

A v = 1 

Typ 

(V/jus) 

Output 

Current 

Max 

(mA) 

Supply Voltage 

Min Max 

Typ Typ 

(V) (V) 

Common 

Mode 

Range 

(V) 

Differential 

Input 

Voltage 

(V) 

Supply 

Currentt 

Max 

(mA) 

Compensation 

Components 

Package Types 

LH201 

7.5 

10 

500 

1500 

20 k 

1 

.5 

5 

±3 

±22 

±12 

±30 

3 

0 

TO-5 F.P. 

LM201 

7.5 

10 

500 

1500 

20k 

1 

.5 

5 

±3 

±22 

±12 

±30 

3 

1 

TO-5 F.P. 

LM301A 

LH2301A (Note 1) 

7.5 

30 

50 

250 

25k 

1 

.5 

5 

±3 

±18 

±12 

±30 

3 

1 

TO-5 DIP 

LM302 

15 

20 typ 

* 

30 

.9985 

10 

10 

1 

±12 

±18 

±10 

* 

5.5 

0 

TO-5 

LM307 

7.5 

30 

50 

250 

25k 

1 

.5 

5 

±3 

±18 

±12 

±30 

3 

0 

TO-5 DIP F.P. 

LM308 

LM2308 (Note 1) 

7.5 

30 

1 

7 

25k 

1 

.3 

1 

±2 

±18 

±14 

(Note 2) 

.8 

1 

Ta5 DIP F.P. 

LM308A 

LM2308A (Note 1) 

.5 

5 

1 

7 

80k 

1 

.3 

1 

±2 

±20 

±14 

(Note 2) 

.8 

1 

TO-5 DIP F.P. 

LM310 

LH2310 (Note 1) 

7.5 


* 

7 

.999 

20 

30 

1 

±5 

±18 

±10 

* 

5.5 

0 

TO-5 DIP F.P. 

LM312 

7.5 

30 

1 

7 

25k 

1 

.3 

1 

±2 

±18 

±14 

(Note 2) 

.8 

0 

TO-5 DIP F.P. 

LM316 

10 

* 

.05 

.15 

20k 

1 

.3 

1 

±5 

±20 

±13 

(Note 2) 

.8 

0 

TO-5 DIP F.P. 

LM316A 

3 

* 

.015 

.05 

40k 

1 

.3 

1 

±5 

±20 

±13 

(Note 2) 

.6 

0 

TO-5 DIP F.P. 

LM318 

12 

• 

200 

600 

25k 

15 

50 min 

5 

±5 

±18 

±11.5 

(Note 2) 

10 

0 

TO-5 DIP 

LM324 (Quad) 

7 

* 

50 

500 

100k 

1 

* 

40 

3 (±1.5) 

30 (±15) 

V + - 1.5 

32 

2 

0 

DIP 

LM709C 

7.5 

12 

500 

1500 

25k 

1 

.3 

5 

±9 

±18 

±8 

±5 

6.6 

3 

TO-5 DIP 

LM725C 

2.5 

2 

35 

125 

250k 

.5 

.005 

5 

±3 

±22 

±13.5 

±5 

5 

4 

TO-5 DIP 

LM741C 

6 

* 

200 

500 

20 k 

1 

.5 

5 

±3 

±18 

±12 

±30 

2.9 

0 

TO-5 DIP 

LM747C 

6 


200 

500 

20k 

1 

.5 

5 

±3 

±18 

±12 

±30 

5.6 

0 

TO-5 DIP F.P. 

LM748C 

6 

6 

200 

500 

50k 

1 

.5 

5 

±3 

±18 

±12 

±30 

2.9 

1 

TO-5 DIP 

LM1458 (Dual) 

6 


200 

500 

20k 

1 

.5 

5 

±3 

±18 

±12 

±30 

2.9 

0 

TO-5 DIP 

LM3900 (Quad) 

* 


* 

200 

2.8k 

2.5 

20 

10 

4 (±2) 

36 (±18) 

‘ 


10 

0 

DIP 

LM4250C 

LH24250C (Note 1) 

6 

* 

10 

30 

75k 

.25 

.16 

.75 

±1 

±18 

±12 

±15 

.03 set 

0 

TO-5 DIP 


•Not specified. Note 1: Dual version of device. 

^Guaranteed at +25°C. Note 2: Inputs have shunt-diode protection; current must be limited. 
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Fixed Voltage Regulator Guide 


Product 

Type No. 

Input 

Voltage 

(V) 

Min Max 

Output 

Voltage 

(V) 

Typ 

Load 

Regulation 

(mV) 

Typ 

Line 

Regulation 

(mV) 

Typ 

Ripple 

Rejection 

(dB) 

Typ 

Long Term 
Stability 
(mV) 

Max 

Output 
Noise Voltage 
(MV) 

Typ 

Quiescent 

Current 

ImA) 

Operating 

-Temperature 

Range 

(°C) 

Min Max 

Output 

Currentt 

(Amps) 

Package Type 

LM109K* 

7 

35 

5 

50 

4 

75 

10 

40 

6 

-55 

125 

>1 

TO-3, TO-5 

LM209K* 

7 

35 

5 

50 

4 

75 

10 

40 

6 

-25 

85 

>1 

TO-3, TO-5 

LM309K* 

7 

35 

5 

50 

4 

75 

20 

40 

6 

0 

70 

>1 

TO-3, TO-5 

LM123K 

7.5 

20 

5 

50 

4 

75 

10 

40 

6 

-55 

125 

3 

TO-3 

« LM223K 

7.5 

20 

5 

50 

4 

75 

10 

40 

6 

-25 

85 

3 

TO-3 

£ LM323K 

7.5 

20 

5 

50 

4 

75 

20 

40 

6 

0 

70 

3 

TO-3 

f LM340-05 

7 

35 

5 

100 max 

1 00 max 

70 

20 

40 

6 

0 

70 

>1 

TO-3, TO-220 

| LM340-06 

8 

35 

6 

1 20 max 

1 20 max 

65 

24 

45 

6 

0 

70 

>1 

TO-3, TO-220 

1 LM340-08 

10 

35 

8 

160 max 

1 60 max 

62 

32 

52 

6 

0 

70 

>1 

TO-3, TO-220 

LM340-12 

14 

35 

12 

240 max 

240 max 

61 

48 

75 

6 

0 

70 

>1 

TO-3, TO-220 

LM340-1 5 

17 

35 

15 

300 max 

300 max 

60 

60 

90 

6 

0 

70 

>1 

TO-3, TO-220 

LM340-18 

20 

35 

18 

360 max 

360 max 

59 

72 

110 

6 

0 

70 

>1 

TO-3, TO-220 

LM340-24 

26 

40 

24 

480 max 

480 max 

56 

96 

170 

6 

0 

70 

.8 

TO-3, TO-220 

LM120K-5* 

-6 

-25 

-5 

50 

10 

67 

50 

150 

2 

-55 

125 

>1 

TO-3, TO-5 

LM220K-5* 

-6 

-25 

-5 

50 

10 

67 

50 

150 

2 

-25 

85 

>1 

TO-3, TO-5 

LM320K-5* 

-6 

-25 

-5 

50 

10 

67 

50 

150 

2 

0 

70 

>1 

TO-3. TO-5 

LM120K-5.2* 

-6.2 

-25 

-5.2 

50 

10 

67 

50 

150 

2 

-55 

125 

>1 

TO-3, TO-5 

| LM220K-5.2* 

-6.2 

-25 

-5.2 

50 

10 

67 

50 

150 

2 

-25 

85 

>1 

TO-3, TO-5 

| LM320K-5.2* 

-6.2 

-25 

-5.2 

50 

10 

67 

50 

150 

2 

0 

70 

>1 

TO-3, TO-5 

« LM120K-12* 

-13 

-30 

-12 

30 

4 

80 

120 

400 

4 

-55 

125 

>1 

TO-3, TO-5 

| LM220K-12* 

-13 

-30 

-12 

30 

4 

80 

120 

400 

4 

-25 

85 

>1 

TO-3, TO-5 

Z 

LM320K-1 2* 

-13 

-30 

-12 

30 

4 

80 

120 

400 

4 

0 

70 

>1 

TO-3, TO-5 

LM120K-15* 

-16 

-30 

-15 

30 

5 

80 

150 

400 

4 

-55 

125 

>1 

TO-3. TO-5 

LM220K-1 5* 

-16 

-30 

-15 

30 

5 

80 

150 

400 

4 

-25 

85 

>1 

TO-3, TO-5 

LM320K-15* 

-16 

-30 

-15 

30 

5 

80 

150 

400 

4 

0 

70 

>1 

TO-3. TO-5 


•Ratings are for TO-3(K) package; device also available in TO-5(H) package. 

tMax output current depends on package type, heat sinking, and input voltage differential. 
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Variable Voltage Regulator Guide 


Specifications Are Worst Case Over Operating Temperature Unless Noted. 


Input Voltage 
Product Range 

Type No. (V) 

Min Max 


Output Voltage 
Range 
(V) 

Min Max 


Load Regulation Line Regulation 
(%) l|_ (%Vout/AV|n ) 

Typ. (mAI Typ. 


Ripple Rejection 
(%) 

Typ. 


Input-Output 

Differential 

(V) 

Min Max 


Temperature 

Stability 

(%) 


Quiescent 

Current 


(mAI 

Typ. 


Operating 

Temperature 

Range 

(°C) 

Min Max 


Output Current* 
(mAI 


Package Type 



LM100 

8.5 

40 

2.0 

30 

0.1 

12 

0.05 

0.02 

3 

30 

1.0 

1.0 

-55 

125 

20 

TO-5, Flat Pack 


LM200 

8.5 

40 

2.0 

30 

0.1 

12 

0.05 

0.02 

3 

30 

1.0 

1.0 

-25 

85 

20 

TO-5, Flat Pack 


LM300 

8.5 

30 

2.0 

20 

0.1 

12 

0.05 

0.02 

3 

20 

2.0 

1.0 

0 

70 

20 

TO-5, Flat Pack 

> S> o 

LM105 

8.5 

50 

4.5 

40 

0.02 

12 

0.015 

0.003 

3 

30 

1.0 

0.8 

-55 

125 

20 

TO-5, Flat Pack 

;; j « 

LM205 

8.5 

50 

4.5 

40 

0.02 

12 

0.015 

0.003 

3 

30 

1.0 

0.8 

-25 

85 

20 

TO-5, Flat Pack 

£ | f» 

LM305 

8.5 

40 

4.5 

30 

0.02 

12 

0.015 

0.003 

3 

30 

1.0 

0.8 

0 

70 

20 

TO-5, Flat Pack 

* a 

LM305A 

8.5 

50 

4.5 

40 

0.02 

45 

0.015 

0.003 

3 

30 

1.0 

0.8 

0 

70 

45 

TO-5 


LM376 

9.0 

40 

5.0 

37 

0.2 max 

25 

0.03 max 

0.1 max 

3 

30 

- 

2.5 max 

0 

70 

25 

Molded DIP 


LM723 

9.5 

40 

2.0 

37 

0.03 

50 

0.01 

0.02 

3 

38 

0.015%/°C 

1.3 

-55 

125 

150 

TO-5, Cavity DIP 


LM723C 

9.5 

40 

2.0 

37 

0.03 

50 

0.01 

0.02 

3 

38 

0.015%/°C 

1.3 

0 

70 

150 

TO-5, Cavity & Molded DIP 



LM104 

-50 

-8 

-40 

-15 mV 

0.01 

20 

.05 

0.01 

2 

50 

1.0 

3.6 

-55 

125 

20 

TO-5, Flat Pack 

.1 &1 

LM204 

-50 

-8 

-40 

-15 mV 

0.01 

20 

.05 

0.01 

2 

50 

1.0 

3.6 

-25 

85 

20 

TO-5, Flat Pack 

&|i 

LM304 

-40 

-8 

-30 

-15 mV 

0.01 

20 

.05 

0.01 

2 

40 

1.0 

3.6 

0 

70 

20 

TO-5, Flat Pack 

t>! 

LM723 

-40 

-9.5 

-37 

-2 

0.03 

50 

0.01 

0.02 

3 

38 

0.015%/°C 

1.3 

-55 

125 

150 

TO-5, Cavity & Molded DIP 

cc 

LM723C 

-40 

-9.5 

-37 

-2 

0.03 

50 

0.01 

0.02 

3 

38 

0.015%/°C 

1.3 

0 

70 

150 

TO-5, Cavity & Molded DIP 


Note: The maximum power dissipation for the LM100, LM105 and LM104 regulators is 
800 mW. For most cases of the LM100, LM105 and the LM104, output current will 
be limited by maximum junction temperature and thermal resistance as indicated. 



Thermal Resistance 

Thermal Resistance 

*The output currents given, as well as the load regulation for the LM100, LM105, 

Package 

Junction to Air 

Junction to Case 

LM723 and LM104 family of regulators can be increased by the addition of external 

TO-5 

1 50°C/W 

45°C/W 

transistors The increase will be roughly equal to the composite current gain of the 

Flat Pack 

185°CAV Mounted 


added transistors 

Solid Kovar TO-5 

150°C/W 

15°C/W 


TO-3 

35°C/W 

1.5°C/W 
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Voltage Comparator Guide 



Device 

Temperature 

Range* 

DTL/TTL 

Fanout 

Supply 

Voltage 

Typ 

(Volts) 

Input Bias 
Current 
(+25°C) 

Max 

<M) 

Input Offset 
Current 
(+25°C) 
Max 
(p A) 

Input Offset 
Voltage 
(+25°C) 

Max 

(mV) 

Response 

Timet 

Typ 

(ns) 

Voltage 

Gain 

Typ 

Package Type 

Comments 

LM106 

Milrtary 

10 

V + = +12 

20 

3 

2 

40 max 

40k 

TO-5 F.P. 


LM206 

Industrial 

10 

V - = - 3 

20 

3 

2 

40 max 

40k 

TO-5 F.P. 

Single comparator with strobe, high 
speed and sensitivity, large fanout. 

LM306 

Commercial 

10 

To -12 

25 

5 

5 

40 max 

40k 

TO-5 F.P. 


LM111 

LH2111 (Note 1) 

Military 

5 

±15 

.1 

04 

.7 

200 

200k 

TO-5 DIP F.P. 


LM211 

Industrial 

5 

To +5 

.1 

.04 

.7 

200 

200k 

TO-5 DIP F.P. 

Single, with strobe, will work from 

LH2211 (Note 1) 








single supply, low bias current. 

LM311 

LH2311 (Note 1) 

Commercial 

5 

And GND 

.25 

.06 

2 

200 

200k 

TO-5 DIP F.P. 


LM119 

Military 

2 (each side) 

±15 

.5 

.075 

4 

80 

40k 

TO-5 DIP F.P. 


LM219 

Industrial 

2 (each side) 

To +5 

.5 

.075 

4 

80 

40k 

TO-5 DIP F.P. 

High speed dual comparator. 

LM319 

Commercial 

2 (each side) 

And GND 

1 

.2 

8 

80 

40k 

TO-5 DIP 


LM139 

Military 

1 

“ ±1 


.025 

5 

1.3 jus 

200k 

DIP F.P. 

Quad comparator designed for single 

LM239 

Industrial 

1 

To ±18 

25 

.050 

5 

1.3 ps 

200k 

DIP 

supply operation; input common 
mode range includes ground. 

LM339 

Commercial 

1 

Or From 

.25 

.050 

5 

1.3 jus 

200k 

DIP 


LM139A 

Military 

1 

+2 

■ 1 

025 

2 

1.3 ps 

200k 

DIP F.P. 


LM239A 

Industrial 

1 

To +36 

.25 

.050 

2 

1.3 ps 

200k 

DIP 

Low offset voltage Quad comparator 
with DTL/TTL logic levels. 

LM339A 

Commercial 

1 

_And GND_ 

.25 

050 

2 

1.3 ps 

200k 

DIP 


LM160 

Military 

2 

±4.5 

10 

2 

2 

16 

3k 

TO-5 DIP F.P. 


LM260 

Industrial 

2 

To 

10 

2 

2 

16 

3k 

TO-5 DIP 

Very high speed, outputs compatible 
with DTL/TTL logic levels. 

LM360 

Commercial 

2 

+6.5 

15 

4 

4 

16 

3k 

TO-5 DIP 


LM161 

Military 

2 

±5 

10 

2 

2 

12 

3k 

TO-5 DIP F.P. 









12 

3k 

TO-5 DIP 

Very high speed, with individual 

LM261 

Industrial 

2 

To ±15 

10 

.2 

2 

strobes, DTL/TTL compatible. 

LM361 

Commercial 

2 

And +5 

15 

4 

4 

12 

3k 

TO-5 DIP 


LM710 

Military 

1 

V + = + 12 

20 

3 

2 

40 

1750 

TO-5 

Single, differential in, single output. 

LM710C 

Commercial 

1 

V - = -6 

25 

5 

5 

40 

1500 

TO-5 DIP 

LM711 

Military 

1 

V + = + 12 

75 

10 

3.5 

40 

1500 

TO-5 

Dual differential, common output. 

LM711C 

Commercial 

1 

V“ = -6 

100 

15 

5 

40 

1500 

TO-5 DIP 

individual strobes. 

LM1514 

Military 

1 

V + = + 14 

20 

3 

3 

30 

1250 

DIP 

Dual LM710 with separate strobes. 

LM1414 

Commercial 

1 

V“ = -7 

25 

5 

4 

30 

1000 

DIP 

individual outputs. 



•Military — 55° C to 

+125°C 


tResponse time is specified 

for 100 mV step input i 

with 5 mV overdrive 





Industrial -25°C 

to +85° C 


Note 1 ; Dual version of de' 

j\ce. 






Co 

mmercial 0 C 

to +70° C 
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NATIONAL 

NEAREST 



NATIONAL 

NEAREST 

DEVICE NO. 

PACKAGE 

PIN FOR PIN 

NATIONAL 

DEVICE NO. 

PACKAGE 

PIN FOR PIN 

NATIONAL 



EQUIVALENT 

EQUIVALENT 



EQUIVALENT 

EQUIVALENT 

Analog Devices 




Datel 




AD503J, K 

TO-5 

LH0042CH 


AM405-2 

TO-99 

LH0042CH 


AD503S 

TO-5 

LH0042H 


AM406-2 

TO-99 

LH0042CH 


AD506J, K, L 

TO-5 

LH0022CH 


AM100A 

MOD 


LH0062H 

AD506S 

TO-5 

LH0022H 


AM100B 

MOD 


LH0062CH 

AD511 

MOD 


LH0042 

AM102A 

MOD 


LH0062H 

AD513J, K 

TO-5 

LH0042CH 


AM102B 

MOD 


LH0062CH 

AD513S 

TO-5 

LH0042H 






AD514J, K, L 

TO-5 


LH0042CH 

Fairchild 




AD514S 

TO-5 


LH0042H 

U5B774031 2 




AD516J, K 

TO-5 

LH0022CH 


(M A740) 

TO-5 

LH740AH 


AD516S 

TO-5 

LH0022H 


U5B7740393 




AD523J, K, L 

TO-5 


LH0052CH 

(MA740C) 

TO-5 

LH740ACH 


AD528J, K 

TO-5 


LH0062CH 





AD528S 

TO-5 


LH0062H 

Halex 




AD540J, K 

TO-5 


LH0042CH 

XH0032 

TO-8 

LH0032CG 


AD540S 

TO-5 


LH0042H 





ADP517 

MOD 


LH0042CH 

Harris 




M501 A, B, C 

TO-8 


LH0022CH 





40 J, K 

TO-8 


LH0042CH 

HA2050 

TO-99 

LH0042H 


41 J, K, L 

MOD 


LH0052CH 

HA2055 

TO-99 

LH0042CH 


42J, K. L 

MOD 


LH0052CH 

HA2050A 

TO-99 

LH0022H 


43J 

MOD 


LH0022CH 

HA2055A 

TO-99 

LH0042CH 


44J, K 

MOD 


LH0062CH 

HA2060 

TO-99 

LH0062H 


45J, K 

MOD 


LH0062CH 

HA2065 

TO-99 

LH0062CH 


142A, B, C 

MOD 


LH0042CH 

HA2060A 

TO-99 

LH0062H 


146J, K 

MOD 


LH0022CH 

HA2065A 

TO-99 

LH0062CH 


149J, K 

MOD 


LH0062CH 

Intech 




Bell and Howell 




A-100 

MOD 


LH0042 





A-101 

MOD 


LH0042C 

20-008 

MOD 


LH0042CH 

A-102 

MOD 


LH0022CH 

20-108 

MOD 


LH0042CH 

A-103 

MOD 


LH0022CH 

20-208 

TO-8 


LH0022H 

A-122 

MOD 


LH0052CH 

20-248 

TO-8 


LH0022CH 

A- 123 

MOD 


LH0052CH 





A- 125 

MOD 


LH0062CH 

Burr-Brown 




A- 130 

MOD 


LH0062CH 

3521 L 

TO-99 


LH0022CH 

A-131 

MOD 


LH0062CH 

354 2 J 

TO-99 

LH0042CH 


A- 136 

MOD 


LH0062CH 

3542S 

TO-99 

LH0042H 


A- 137 

MOD 


LH0062CH 

3542SQ 

TO-99 

LH0042H/883 


A-148A, B, C 

MOD 


LH0042CH 

3506J 

TO-99 

LH0022CH 


A- 1026 

MOD 


LH0022CH 

3508J 

TO-99 

LH0062CH 


A-1027 

MOD 


LH0022CH 

3348/03 

DIL 


LH0022CD 





3349/03 

DIL 


LH0022CD 

Intersil 




3350/03 

DIL 


LH0042CD 

ICH8500 

TO-5 

LH0052H 


3503A 

TO-99 

LH0042CH 


ICH8500A 

TO-5 

LH0052H 


3503B 

TO-99 

LH0042H 


ICH8500C 

TO-5 

LH0052CH 


3503C 

TO-99 

LH0022CH 


ICH8007C 

TO-5 

LH0042CH 


3503R 

TO-99 

LH0022H 


ICH8007M 

TO-5 

LH0042H 


3503S 

TO-99 

LH0052CH 


ICL8007AM 

TO-5 

LH0042H 


3503T 

TO-99 

LH0052H 


ICL8007AC 

TO-5 

LH0042CH 
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FET Op Amp Cross Reference Guide 


DEVICE NO. 


NATIONAL 
PACKAGE PIN FOR PIN 

EQUIVALENT 


Intronics 


FA530 

MOD 

FA531 

MOD 

FA 540 

MOD 

FA541 

MOD 


Optical Electronics, Inc. 
(OEI) 

9712 

MOD 


9725 

MOD 


9731 

MOD 


9738 

MOD 


9718 

MOD 


9726 

MOD 


9727 

MOD 


9715 

MOD 


9721 

MOD 


9723 

MOD 


9733 

MOD 


9720 

MOD 


9729 

MOD 


Signetics 

SU536T 

TO-5 

LH0042CH 

NE536T 

TO-5 

LH0042CH 

SU740T 

TO-5 

LH740ACH 

NE740T 

TO-5 

LH740ACH 

Siliconix 

L120A 

TO-5 


L120C 

TO-5 


L137AA 

TO-5 


L137CA 

TO-5 



Teledyne Philbrick Nexus 


OFT 

MOD 

QFT-2 

MOD 

QFT-2A 

MOD 

QFT-2B 

MOD 

QFT-5 

MOD 

Q25AH 

TO-8 

PP25A 

MOD 


NEAREST 

NATIONAL 

EQUIVALENT 


DEVICE NO. PACKAGE 


Teledyne Philbrick Nexus (Con't.) 


LH0062CH 

LH0062CH 

LH0042CH 

LH0042CH 


LH0032CG 

LH0032CG 

LH0032G 

LH0032G 

LH0062CH 

LH0062CH 

LH0062CH 

LH0062CH 

LH0062CH 

LH0062CH 

LH0052CH 

LH0032CH 

LH0052CH 


1003 

MOD 

100301 

MOD 

1006 

MOD 

1008 

MOD 

1009 

MOD 

100901 

MOD 

100902 

MOD 

1011 

MOD 

101101 

MOD 

101102 

MOD 

1021 

MOD 

1023 

MOD 

102301 

MOD 

1025 

MOD 

1408 

MOD 

140801 

MOD 

140802 

MOD 

140810 

TO-8 

1402 

TO-8 

140201 

TO-8 

140202 

TO-8 

1407 

TO-8 

140701 

TO-8 

1414 

MOD 

141410 

DIP 

1421 

TO-5 


NATIONAL 
PIN FOR PIN 
EQUIVALENT 


LH0042H 

LH0042CH 

LH0022H 

LH0022CH 


ZA801/M1/M2/M3 

ZA801T1 

ZA801D1 

ZA801E1 

ZA802M1 , M2 

ZA803M1 


LH0042CH 

LH0042CH 

LH0022CH 

LH0052CH 

LH0042CH 

LH0042CH 

LH0042CH 


ZA804M1 

ZA903M1 

ZA910M 

133 
133-03 
133-04 

134 
134D 

135 


M2 

M2 


MOD 

TO-8 

DIL 

DIL 

MOD 

MOD 

MOD 

MOD 

MOD 

MOD 

MOD 

MOD 

MOD 

MOD 

MOD 


NEAREST 

NATIONAL 

EQUIVALENT 


LH0052CH 

LH0052CH 

LH0042CH 

LH0042CH 

LH0042CH 

LH0042CH 

LH0042CH 

LH0062CH 

LH0062CH 

LH0062CH 

LH0022CH 

LH0052CH 

LH0052CH 

LH0032CG 

LH0052CH 

LH0052CH 

LH0052CH 

LH0052CH 

LH0042CH 

LH0042CH 

LH0042CH 

LH0042CH 

LH0042CH 

LH0062CH 

LH0062CH 

LH0042CH 


LH0042CH 

LH0042CH 

LH0042CH 

LH0042CH 

LH0022CH 

LH0042CH 

LH0042CH 

LH0042CH 

LH0062CH 

LH0022CH 

LH0052CH 

LH0022CH 

LH0042CH 

LH0042CH 

LH0062CH 
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TEXAS 

INSTRUMENTS 

DEVICE 

NUMBER 

NATIONAL 

PIN-FOR-PIN 

EQUIVALENT 

NATIONAL 

FUNCTIONAL 

EQUIVALENT 

TEXAS 

INSTRUMENTS 

DEVICE 

NUMBER 

NATIONAL 

PIN-FOR-PIN 

EQUIVALENT 

NATIONAL 

FUNCTIONAL 

EQUIVALENT 

TEXAS 

INSTRUMENTS 

DEVICE 

NUMBER 

NATIONAL 

PIN-FOR-PIN 

EQUIVALENT 

NATIONAL 

FUNCTIONAL 

EQUIVALENT 

SN5510F 


LM733H 

SN52711S 


LM711H 

SN72702L 


LM301AH 

SN5510L 


LM733H 

SN52723L 

LM723H 


SN72702N 


LM301AN 

SN5511F 


LM733H 

SN52733L 

LM733H 


SN72709L 

LM709CH 


SN5511L 


LM733H 

SN52733N 


LM733N 

SN72709N 

LM709CN 


SN7510F 


LM733CH 

SN52741 J 

LM741D 


SN72709P 


LM709CN 

SN7510L 


LM733CH 

SN52741L 

LM741H 


SN72709S 


LM709CH 

SN7511L 


LM733CH 

SN52741 N 

LM741 CN-14 


SN72710J 


LM710CN 

SN52101AJ 

LM 101 AD 


SN52741 Z 

LM741F 


SN72710L 

LM710CH 


SN52101AL 

LM101AH 


SN52747J 

LM747D 


SN72710N 

LM710CN 


SN52101A2 

LM101AF 


SN52747Z 

LM747F 


SN72710S 


LM710CH 

SN52107J 

LM107D 


SN52748J 


LM748H 

SN72711J 


LM711CN 

SN52107L 

LM107H 


SN52748L 

LM748H 


SN72711L 

LM711CH 


SN52107Z 

LM107F 


SN52748U 


LM748CN 

SN72711N 

LM711CN 


SN52108J 

LM108D 


SN52748Z 


LM748H 

SN72811S 


LM711CH 

SN52108AJ 

LM108AD 


SN52770J 


LM108D 

SN72720N 

LM1414N 


SN52514J 

LM1514J 


SN52770L 


LM108H 

SN72733L 

LM733CH 


SN52514N 

LM1514N 


SN52770Z 


LM108F 

SN72733N 

LM733CN 


SN52555L 

LM555H 


SN52771 J 


LM 1 1 2D 

SN72741 J 

LM741CD 


SN52558L 

LM1558H 


SN52771 L 


LM1 12H 

SN72741 L 

LM741CH 


SN52702AF 


LM101AF 

SN52771 Z 


LM112F 

SN72741 N 

LM741 CN-1 4 


SN52702AL 


LM101AH 

SN55709J 


LM709CN 

SN72741P 

LM741CN 


SN52702AN 


LM301AN 

SN56514L 


LM1496H 

SN72741 Z 

LM741CF 


SN52702F 


LM101AF 

SN72301 AJ 

LM301AD 


SN72747J 

LM747CD 


SN52702L 


LM101AH 

SN72301 AL 

LM301AH 


SN72747N 

LM747CN 


SN52702N 


LM301AN 

SN72301 AN 


LM301AN 

SN72748N 


LM748CN 

SN52702Z 


LM101AF 

SN72301 AP 

LM301AN 


SN72748P 

LM748CN 


SN52709AF 


LM709AH 

SN72301 AZ 

LM301AF 


SN72748J 


LM748CN 

SN52709AL 

LM709AH 


SN72307J 

LM307D 


SN72748L 

LM748CH 


SN52709AN 


LM709AH 

SN72307L 

LM307H 


SN72748Z 


LM748H 

SN52709F 


LM709H 

SN72307N 

LM307N 


SN72770J 


LM308D 

SN52709L 

LM709H 


SN72307P 


LM307H 

SN72770L 


LM308H 

SN52709N 


LM709H 

SN72307Z 

LM307F 


SN72770N 


LM308H 

SN52710J 


LM710H 

SN72308L 


LM308 

SN72770P 


LM308H 

SN52710L 

LM710H 


SN72514J 

LM1414J 


SN72770Z 


LM308F 

SN52710N 


LM710H 

SN72514N 

LM1414N 


SN72771 L 


LM312H 

SN52710S 


LM710H 

SN72555L 

LM555CH 


SN72771 N 


LM312D 

SN52710U 


LM710H 

SN72555P 

LM555CN 


SN72771 P 


LM312D 

SN52711J 


LM711H 

SN72558L 

LM1458H 


SN72771Z 


LM312F 

SN52711L 

LM711H 


SN72558P 

LM1458N 


SN76514L 


LM1496H 

SN52711N 


LM711H 

SN72702F 


LM301AF 

SN76514N 


LM1496H 
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MOTOROLA 

NATIONAL 

NATIONAL 

MOTOROLA 

NATIONAL 

NATIONAL 

MOTOROLA 

NATIONAL 

NATIONAL 

MOTOROLA 

NATIONAL 

NATIONAL 

DEVICE 

PIN-FOR-PIN 

FUNCTIONAL 

DEVICE 

PIN-FOR-PIN 

FUNCTIONAL 

DEVICE 

PIN-FOR-PIN 

FUNCTIONAL 

DEVICE 

PIN-FOR-PIN 

FUNCTIONAL 

NUMBER 

EQUIVALENT 

EQUIVALENT 

NUMBER 

EQUIVALENT 

EQUIVALENT 

NUMBER 

EQUIVALENT 

EQUIVALENT 

NUMBER 

EQUIVALENT 

EQUIVALENT 

MC1303L 


LM1303N 

MC1458CP2 

LM1458N-14 


MC1569R 


LM105H 

MC3302P 

LM339AN 


MC1304P 

LM1304N 


MC1458G 

LM1458H 


MC1590G 


LM170H 

MC3401P 

LM3900N 


MC1305P 

LM1305N 


MC1458L 


LM1458N-14 

MC1596G 

LM1596H 


MC7805CK 

LM340K-5.0 


MC1306P 


LM380N 

MC1458P1 

LM1458N 


MCI 5961 


LM1596H 

MC7805CP 

LM340T-5.0 


MC1307P 

LM1307N 


MC1458P2 

LM1458N-14 


MCI 709CF 


LM709CH 

MC7806CK 

LM340K-6.0 


MC1310P 

LM1310N 


MC1460G 


LM305H 

MCI 709CG 

LM709CH 


MC7806CP 

LM340T-6.0 


MC1326P 


LM3067N 

MC1460R 


LM305H 

MCI 709CL 


LM709CN 

MC7808CK 

LM340K-8.0 


MC1326PQ 


LM3067N 

MC1461G 


LM305H 

MCI 709CP1 

LM709CN 


MC7808CP 

LM340T-8.0 


MC1328G 


LM746N 

MC1461R 


LM305H 

MCI 709CP2 


LM709CN 

MC7812CK 

LM340K-12 


MC1328P 


LM746N 

MC1463G 


LM304H 

MC1709F 


LM709H 

MC7812CP 

LM340T-1 2 


MC1328PQ 


LM746N 

MC1463R 


LM304H 

MC1709G 

LM709H 


MC7815CK 

LM340K-1 5 


MC1339P 


LM382N 

MC1466L 


LM304H 

MC1709L 


LM709H 

MC7815CP 

LM340T-1 5 


MC1350P 


LM703L 

MC1469G 


LM305H 

MC1710CF 


LM710CH 

MC7818CK 

LM340K-18 


MC1351P 

LM1351N 


MC1469R 


LM305H 

MC1710CG 

LM710CH 


MC7818CP 

LM340T-18 


MC1357P 

LM2111N 


MC1488L 

LM1488J 


MC1710CL 


LM710CH 

MC7824CK 

LM340K-24 


MC1357PQ 


LM2111N 

MC1489AL 

LM1489AJ 


MC1710CP 

LM710CN 


MC7824CP 

LM340T-24 


MC1358P 


LM3065N 

MCI 489 L 

LM1489J 


MCI 71 OF 


LM710H 

MC7905CP 

LM320T-05 


MC1358PQ 


LM3065N 

MC1496G 

LM1496H 


MC1710G 

LM710H 


MC7905.2CP 

LM320T-05.2 


MC1364G 

LM3064H 


MCI 496 L 

LM1496N 


MCI 71 OL 


LM710H 

MC7912CP 

LM320T-12 


MC1364P 

LM3064N 


MCI 509 F 


LM733H 

MCI 71 1 CF 


LM711CH 

MC7915CP 

LM320T-15 


MC1370P 

LM3070N 


MC1510F 


LM733H 

MCI 71 1 CG 

LM711CH 


MFC40000D 


LM380N 

MC1371P 

LM3071N 


MC1510G 


LM733H 

MC1711CL 


LM711CH 

MFC4010A 


LM381N 

MC1375P 

LM3075N 


MC1514F 


LM1514N 

MC1711CP 


LM711CH 

MFC4050 


LM380N 

MC1380P 


LM380N 

MC1514L 

LM1514J 


MCI 71 1 F 


LM711H 

MFC4060 


LM376N 

MC1410G 


LM733CH 

MC1519G 


LM733H 

MC1711G 

LM711H 


MFC6010 


LM2111N 

MC1414F 


LM1414N 

MC1520F 


LM733H 

MCI 71 1 L 


LM711H 

MFC6030 


LM376N 

MC1414L 

LM1414J 


MC1520G 


LM733H 

MC1712CF 


LM733CH 

MFC6030A 


LM376N 

MC1414P 

LM1414N 


MC1530F 


LM101AF 

MC1712CG 


LM733CH 

MFC6070 


LM380N 

MC1420G 


LM733CH 

MC1530G 


LM101AH 

MCI 712CL 


LM733CH 

MFC8000 


LM703LN 

MC1430F 


LM301AF 

MCI 531 F 


LM101AF 

MC1712F 


LM733H 

MFC8001 


LM703LN 

MC1430G 


LM301AH 

MC1531G 


LM101AH 

MC1712G 


LM733H 

MFC8002 


LM703LN 

MC1430P 


LM301AN 

MC1533F 


LM101AF 

MC1712L 


LM733H 

MFC8010 


LM380N 

MC1431F 


LM301AF 

MC1533G 


LM101AH 

MC1723CG 

LM723CH 


MFC8030 


LM703LN 

MC1431G 


LM301AH 

MC1533L 


LM101AD 

MC1723CL 

LM723CD 


MFC8040 


LM381N 

MC1431P 


LM301AN 

MC1535F 


LM1303N 

MC1723G 

LM723H 


MFC9020 


LM380N 

MC1433F 


LM301AF 

MC1535G 


LM1303N 

MC1723L 

LM723D 


MLM101AG 

LM101AH 


MC1433G 


LM301AH 

MC1536G 

LM1536H 


MCI 733CG 

LM733CH 


MLM104G 

LM104H 


MCI 433 L 


LM301AN 

MC1537L 


LM1458N-14 

MC1733CL 

LM733CD 


MLM105G 

LM105H 


MC1435F 


LM1303N 

MC1538R 


LH0002H 

MC1733G 

LM733H 


MLM107G 

LM107H 


MC1435G 


LM1303N 

MC1539G 


LM101AH 

MC1733L 

LM733D 


MLM109G 

LM109H 


MC1435L 


LM1303N 

MCI 539 L 


LM101AD 

MC1741CF 

LM741CF 


MLM109K 

LM109K 


MC1436CG 

LM1436H 


MC1550F 


LM171H 

MC1741CG 

LM741CH 


MLM110G 

LM110H 


MC1436G 

LM1436H 


MC1550G 


LM171H 

MC1741CL 


LM741CH 

MLM201AG 

LM201AH 


MCI 437 L 


LM1458N-14 

MC1552G 


LM733H 

MC1741CP1 

LM741CN 


MLM201 API 

LM201AN 


MC1437P 


LM1458N-14 

MC1553G 


LM733H 

MC1741CP2 

LM741CN-14 


MLM204G 

LM204H 


MC1438R 


LH0002H 

MC1554G 


LM380N 

MCI 741 F 

LM741F 


MLM205G 

LM205H 


MC1439G 


LM301AH 

MC1555G 

LM555H 


MCI 741 G 

LM741H 


MLM207G 

LM207H 


MC1439L 


LM301AH 

MC1556G 


LM108H 

MC1741L 

LM741D 


MLM209K 

LM209K 


MC1439P1 


LM218H 

MC1558G 

LM1558H 


MCI 747CF 

LM747CF 


MLM210G 

LM210H 


MC1439P2 


LM301AH 

MC1558L 

LM1558D 


MC1747CG 

LM747CH 


MLM301AG 

LM301AH 


MC1454G 


LM380H 

MC1560G 


LM105H 

MC1747CL 

LM747CN 


MLM301 API 

LM301AN 


MC1455G 

LM555CH 


MC1560R 


LM105H 

MC1747F 

LM747F 


MLM304G 

LM304H 


MC1455P1 

LM555N 


MCI 561 G 


LM105H 

MC1747G 

LM747H 


MLM305G 

LM305H 


MC1456CG 


LM308H 

MCI 561 R 


LM105H 

MCI 747 L 

LM747D 


MLM307G 

LM307H 


MC1456G 


LM308H 

MC1563G 


LM104H 

MC1748CG 

LM748CH 


MLM309G 

LM309H 


MC1458CG 

LM1458H 


MC1563R 


LM104H 

MC1748G 

LM748H 


MLM309K 

LM309K 


MC1458CL 


LM1458N-14 

MC1566L 


LM104H 

MC1776G 

LM4250H 


MLM310G 

LM310H 


MC1458CP1 

LM1458N 


MC1569G 


LM105H 

MC1776CG 

LM4250CH 











SIGNETICS 

DEVICE 

NUMBER 

NATIONAL 

PIN-FOR-PIN 

EQUIVALENT 

NATIONAL 

FUNCTIONAL 

EQUIVALENT 

SIGNETICS 

DEVICE 

NUMBER 

N5201A 


LM301AD 

NE518G 

N5307T 

LM307H 


NE518K 

N5308T 

LM308H 


NE526A 

N53A1T 

LM301AH 


NE526G 

N53A1V 

LM301AN 


NE526K 

N53A8T 

LM308AH 


NE529K 

N5556V 


LM307N 

NE529A 

N5558F 

LM1458N 


NE531G 

N5558T 

LM1458H 


NE531T 

N5596K 

LM1496H 


NE531V 

N5596K 


LM1496N 

NE533G 

N5709A 

LM709CN 


NE533T 

N5709T 

LM709CH 


NE533V 

N5709V 


LM709CN 

NE536T 

N5710A 

LM710CN 


NE537G 

N5710T 

LM710CH 


NE537T 

N5711A 

LM711CN 


NE540L 

N5711K 

LM711CH 


NE546 

N5723A 

LM723CN 


NE550A 

N5723L 

LM723CH 


NE550L 

N5733A 

LM733CN 


NE555V 

N5733K 

LM733CH 


NEB55T 

N5740T 

LH740CH 


NE565A 

N5741A 

LM741CN-14 


NE565K 

N5741T 

LM741CH 


NE566T 

N5741V 

LM741CN 


NE566V 

N5747A 

LM747CN 


NE567T 

N5747F 

LM747CD 


NE567V 

N5747K 

LM747CH 


NE592A 

N5748A 


LM748CH 

NE592K 

N5748T 

LM748CH 


PA239A 

N5748V 

LM748CN 


S5101T 

NE501G 


LM733CH 

S5107T 

NE501K 


LM733CH 

S5108T 

NE510A 


LM371H 

S51A1T 

NE510J 


LM371H 

S51A8T 

NE515A 


LM733CN 

S5556L 

NE515G 


LM733CH 

S5558T 

NE515K 


LM733CH 

S5596K 

NE518A 


LM306H 

S5709T 


Signetics Linear Cross Reference Guide 


NATIONAL 

PIN-FOR-PIN 

EQUIVALENT 

NATIONAL 

FUNCTIONAL 

EQUIVALENT 

SIGNETICS 

DEVICE 

NUMBER 

NATIONAL 

PIN-FOR-PIN 

EQUIVALENT 

NATIONAL 

FUNCTIONAL 

EQUIVALENT 


LM306H 

S5710T 

LM710H 



LM306H 

S5711K 

LM711H 



LM306H 

S5711T 


LM711H 


LM306H 

S5723L 

LM723H 



LM306H 

S5733F 

LM733D 


LM361H 


S5733K 

LM733H 


LM361N 


S5740T 

LM740H 



LM318H 

S5741T 

LM741H 



LM318H 

S5747K 

LM747H 



LM318H 

S5748T 

LM748H 



LM4250CH 

SE501G 


LM733H 


LM4250CH 

SE501K 


LM733H 


LM4250CH 

SE510A 


LM171H 


LM316H 

SE510J 


LM171H 


LM308H 

SE515G 


LM733H 


LM308H 

SE515K 


LM733H 


LH0021CK 

SE518A 


LM106H 


LM1820 

SE518G 


LM106H 


LM723CH 

SE518K 


LM106H 


LM723CH 

SE526A 


LM106H 

LM555CN 


SE526G 


LM106H 

LM555CH 


SE526K 


LM106H 

LM565CN 


SE529K 

LM161H 


LM565CH 


SE531G 


LM118H 

LM566CH 


SE533G 


LM4250CH 

LM566CN 


SE533T 


LM4250H 

LM567CH 


SE537G 


LM108H 

LM567CN 


SE537T 


LM108H 

LM733CN 


SE540L 


LH0021K 

LM733CH 


SE550L 


LM723H 


LM381N 

SE555T 

LM555H 


LM101H 


SE555V 

LM555N 


LM107H 


SE565A 

LM565N 


LM108H 


SE565K 

LM565H 


LM101AH 


SE566T 

LM566H 


LM108AH 


SE567T 

LM567H 



LM107H 

SE592A 

LM733N 


LM1558H 


SE592K 

LM733H 


LM1596H 


SU536G 


LM216H 

LM709H 


SU536T 


LM216H 
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FAIRCHILD 

DEVICE 

NUMBER 

NATIONAL 

PIN-FOR-PIN 

EQUIVALENT 

NATIONAL 

FUNCTIONAL 

EQUIVALENT 

FAIRCHILD 

DEVICE 

NUMBER 

NATIONAL 

PIN-FOR-PIN 

EQUIVALENT 

NATIONAL 

FUNCTIONAL 

EQUIVALENT 

FAIRCHILD 

DEVICE 

NUMBER 

NATIONAL 

PIN-FOR-PIN 

EQUIVALENT 

NATIONAL 

FUNCTIONAL 

EQUIVALENT 

LM101AD 

LM101AD 


709HM 

LM709H 


786 


LM3067 

LM101AF 

LM101AF 


710DC 

LM710CN 


796HC 

LM1496H 


LM101AH 

LM101AH 


710H 

LM710H 


MC1458G 

LM1458H 


LM101D 

LM101J 


710HC 

LM710CH 


MC1458P1 

LM1458N 


LM101H 

LM101H 


711 HM 

LM711H 


MC1558G 

LM1558H 


LM102H 

LM102H 


720PC 

LM1820N 


CA3018 

LM3018H 


LM104H 

LM104H 


723DC 

LM723CN 


CA3018A 

LM3018AH 


LM105H 

LM105H 


723DM 

LM723D 


CA3019 

LM3019H 


LM107H 

LM107H 


723HC 

LM723CH 


CA3026 

LM3026H 


LM108AD 

LM108AD 


723HM 

LM723H 


CA3039 

LM3039H 


LM108AF 

LM108AF 


725AHM 

LM725AH 


CA3045 

LM3045D 


LM108AH 

LM108AH 


726 


LM114A 

C A 3046 

LM3046N 


LM108D 

LM108D 


727 


LM121H 

CA3054 

LM3054N 


LM108F 

LM108F 


732PC 

LM1304N 


CA3064T 

LM3064H 


LM108H 

LM108H 


733DC 

LM733CD 


CA3065D 

LM3065N 


LM109K 

LM109K 


733DM 

LM733D 


CA3065E 

LM3065N 


LM110H 

LM110H 


733HC 

LM733CH 


CA3066D 

LM3066N 


LM111H 

LM111H 


733HM 

LM733H 


CA3066E 

LM3066N 


LM201AH 

LM201AH 


739 


LM381N 

CA3067D 

LM3067N 


LM201AD 

LM201AD 


740HC 

LH740ACH 


CA3067E 

LM3067N 


LM201AF 

LM201AF 


740HM 

LH740AH 


CA3075D 

LM3075N 


LM207H 

LM207H 


741 DC 

LM741 CN-14 


CA3075E 

LM3075N 


LM208AD 

LM208AD 


741 FM 

LM741F 


CA3086 

LM3086N 


LM208AF 

LM208AF 


741 HC 

LM741CH 


7805 KM 


LM340K-5.0 

LM208AH 

LM208AH 


741 HM 

LM741H 


7805UC 


LM340T-5.0 

LM208D 

LM208D 


741TC 

LM741CN 


7806KM 


LM340K-6.0 

LM208F 

LM208F 


746PC 

LM746N 


7806UC 


LM340T-6.0 

LM208H 

LM208H 


747DC 

LM747CN 


7808KM 


LM340K-8.0 

LM209K 

LM209K 


747DM 

LM747D 


7808UC 


LM340T-8.0 

LM301AH 

LM301AH 


747HC 

LM747CH 


7812KM 


LM340K-12 

LM301AN 

LM301AN 


747HM 

LM747H 


7812UC 


LM340T-12 

LM302H 

LM302H 


748 HC 

LM748CH 


781 5KM 


LM340K-15 

LM304H 

LM304H 


747HM 

LM748H 


781 5UC 


LM340T-15 

LM305AH 

LM305AH 


748TC 

LM748CN 


7818KM 


LM340T-18 

LM305H 

LM305H 


749 


LM1303N 

7818UC 


LM340T-18 

LM307H 

LM307H 


750 


LM711H 

7824KM 


LM340K-24 

LM307N 

LM307N 


758 


LM1800 

7824UC 


LM340T-24 

LM308AD 

LM308AD 


760 


LM361 

78M05HC 


LM340T -5.0 

LM308AH 

LM308AH 


767 


LM1304 

78M06HC 


LM340T-6.0 

LM308D 

LM308D 


768PC 


LM1304 

78M08HC 


LM340T-8.0 

LM308H 

LM308H 


769 


LM 1 304 

78M12HC 


LM340T-12 

LM309K 

LM309K 


771 


LM725 

78M15HC 


LM340T-15 

LM310H 

LM310H 


776HC 

LM4250CH 


78M24HC 


LM340T-24 

LM376N 

LM376N 


776HM 

LM4250H 


78N05.2GJ 

LM120K-5.2 


703 

LM703LH 


777 


LM108 

SH3002 


AH0162 

709AHM 

LM709AH 


780 DC 

LM3070N 


TBA510 


LM3066 





MS Voltage Regulators 


LM100/LM200/LM300 voltage regulator 
general description 


The LM100, LM200 and LM300 are integrated 
voltage regulators designed for a wide range of 
applications from digital power supplies to pre- 
cision regulators for analog circuitry. Built on a 
single silicon chip, these devices are encapsulated 
in either an 8-lead, low profile TO-5 header or a 
1/4 x 1/4 metal flat package. Outstanding char- 
acteristics are: 

■ Output voltage adjustable from 2V to 30V 
(LM300 adjustable from 2 V to 20V) 

■ Better than one percent load and line regulation 

■ One percent temperature stability 

■ Adjustable short-circuit limiting 

■ Output currents in excess of 5A possible by 
adding external transistors 


■ Can be used as either a linear or high-efficiency 
switching regulator. 

Additional features are fast response to both load 
and line transients, small standby power dissipa- 
tion, freedom from oscillations with varying 
resistive and reactive loads, and the ability to start 
reliably on any load within rating. 

The LM100 is specified for operation over the 
-55°C to +125°C military temperature range. The 
LM200 and LIVI300 are low cost, commercial- 
industrial versions of the LM 100. They are identical 
to the LM100 except that they are specified for 
operation from -25°C to 85°C and from 0°C to 
70°C respectively. 


schematic and connection diagrams 



Metal Can 



TOP VIEW 

Order Number LM100H 
or LM200H or LM300H 
See Package 1 1 


Flat Package 



Note: Pin 4 connected to bottom of package. 
TOP VIEW 


Order Number LM100F 
or LM200F or LM300F 
See Package 3 


typical applications 2A Regulator With Foldback Current Limiting 



Basic Regulator Circuit 
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LM100/LM200/LM300 




LM100/LM200/LM300 


absolute maximum ratings 





Input Voltage 






LM100, LM200 

40V 





LM300 

Input-Output Voltage Differential 

35V 





LM100, LM200 

40V 





LM300 

Power Dissipation (Note 1) 

30V 





LM100, LM200 

800 mW 





LM300 

Operating Temperature Range 

500 mW 





LM100, LM200 

-55°C to +125°C 





LM300 

0°C to 70°C 





Storage Temperature Range 

-65°C to 1 50°C 





Lead Temperature (soldering, 10 sec) 

300° C 





electrical characteristics (Note 2) 





PARAMETER 

CONDITIONS 

MIN 

TYP 

MAX 

UNITS 

Input Voltage Range 






LM100/LM200 


8.5 


40 


LM300 


8.5 


30 


Output Voltage Range 






LM100/LM200 


2.0 


30 

V 

LM300 



20 

Output-Input Voltage 






Differential 

LM100/LM200 


3.0 


30 


LM300 



20 


Load Regulation (Note 3) 

R sc = 0, l Q 12 m A 


0.1 

0.5 

% 

Line Regulation 

V, N -V 0 ur<5V 


0.1 

0.2 

%/v 


V,n -V OU t>5V 


0.05 

0.1 

%/v 

Temperature Stability 






LM100 

-55°C < T a < +1 25° C 


0.3 

1.0 


LM200 

-25°C < T a < 85°C 


0.3 

1.0 

% 

LM300 

0°C < T A < 70°C 


0.3 

2.0 


Feedback Sense Voltage 


1.63 

1.7 

1.81 

V 

Output Noise Voltage 

10 Hz < f < 10 kHz 






Cref = 0 


0.005 


% 


Cref = 0-1 


0.002 


% 

Long Term Stability 



0.1 

1.0 

% 

Standby Current Drain 






LM100/LM200 

LM300 

V, N - 40V 

V IN = 30V 


1.0 

3.0 

mA 

Minimum Load Current 






LM100/LM200 

LM300 

V, N ~ Vqut = 30V 

V,n-Vout = 20V 


1.5 

3.0 

mA 


Note 1 : The maximum junction temperature of the LM100 is 150°C, while that of the LM200 is 
100°C, and the LM300 is 85°C. For operating at elevated temperatures, devices in the TO-5 package 
must be derated based on a thermal resistance of 150°C/W junction to ambient or 45°C/W, junction to 
case. For the flat package, the derating is based on a thermal resistance of 185°C/W when mounted on 
a 1/1 6-inch-thick, epoxy-glass board with ten, 0.03-inch-wide, 2-ounce copper conductors. Peak 
dissipations to 1.0W are allowable providing the dissipation rating is not exceeded with the power 
averaged over a five second interval for the LM100 and LM200, and a two second interval for the 
LM300. 

Note 2: These specifications apply for an operating temperature between -55°C to +125°C for the 
LM100, between -25°C to 85°C for the LM200 and between 0°C to 70°C for the LM300 devices for 
input and output voltages within the ranges given, and for a divider impedance seen by the feedback 
terminal of 2 k!2, unless otherwise specified. The load and line regulation specifications are for 
constant junction temperature. Temperature drift effects must be taken into account separately when 
the unit is operating under conditions of high dissipation. 

Note 3: The output currents given, as well as the load regulation, can be increased by the addition of 
external transistors. The improvement factor will be roughly equal to the composite current gain of 
the added transistors. 
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SHORT CIRCUIT CURRENT (mA) CURRENT LIMIT SENSE VOLTAGE (V) SUPPLY VOLTAGE REJECTION (%/V) 


typical performance characteristics 
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LM103 


IMS Voltage Regulators 


LM103 regulator diode ** 
general description 

The LM103 is a two-terminal monolithic regulator 
diode electrically equivalent to a breakdown diode. 
The device makes use of the reverse punch-through 
of double-diffused transistors, combined with ac- 
tive circuitry, to produce a breakdown character- 
istic which is ten times sharper than single-junction 
zener diodes at low voltages. Breakdown voltages 
from 1.8V to 5.6V are available; and, although the 
design is optimized for operation between 100/uA 
and 1 mA, it is completely specified from 10 (jlA to 
10 mA. Noteworthy features of the device are: 

• Exceptionally sharp breakdown 

• Low dynamic impedance from 10 /iA to 10 mA 


• Performance guaranteed over full military tem- 
perature range 

• Planar, passivated junctions for stable operation 

• Low capacitance. 

The LM103, packaged in a hermetically sealed, 
modified TO-46 header is useful in a wide range of 
circuit applications from level shifting to simple 
voltage regulation. It can also be employed with 
operational amplifiers in producing breakpoints to 
generate nonlinear transfer functions. Finally, its 
unique characteristics recommend it as a reference 
element in low voltage power supplies with input 
voltages down to 4V. 


schematic and connection diagrams 




Note: Pin 2 connected to case. 


TOP VIEW 


Order Number LM103H 
See Package 8 


typical applications 


Saturating Servo Preamplifier 200 mA Positive Regulator 

with Rate Feedback 




**Covered by U.S. Patent Number 3,571,630. 
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absolute maximum ratings 





Power Dissipation (note 1 ) 

Reverse Current 

Forward Current 

Operating Temperature Range 

Storage Temperature Range 

Lead Temperature (soldering, 60 sec) 

250 mW 

20 mA 

100 mA 
-55° C to 125°C 
-65° C to 150°C 
300°C 





electrical characteristics 

(Note 2) 





PARAMETER 

CONDITIONS 

MIN 

TYP 

MAX 

UNIT 

Reverse Breakdown Voltage Change 

10/L£A<I r < 100 AtA 


60 

120 

mV 


100 AtA < l R < 1 mA 


15 

50 

mV 


1 mA< l R < 10 mA 


50 

150 

mV 

Reverse Dynamic Impedance (Note 3) 

l R = 3 mA 


5 

25 

n 


1 R = 0.3 mA 


15 

60 

n 

Reverse Leakage Current 

V R = V z -0.2V 


2 

5 

/iA 

Forward Voltage Drop 

l F = 10 mA 

0.7 

0.8 

1.0 

V 

Peak-to-Peak Broadband Noise Voltage 

10Hz<f<100 kHz, l R = 1 mA 


300 


mv 

Reverse Breakdown Voltage Change 
(Note 4) 

10mA<I r < 100 juA 

100 /JA< l R < 1 mA 



200 

60 

mV 

mV 


1 mA< l R < 10 mA 



200 

mV 

Breakdown Voltage Temperature 
Coefficient (Note 4) 

100mA<I r < 1 mA 


-5.0 


mV/°C 

NOTE 1: For operating at elevated temperatures, the device must be derated based on a 

150°C maximum junction temperature and a thermal resistance of 80°C/W junction to 
case or 440°C/W junction to ambient (see curve). 

NOTE 2: These specifications apply for T A = 25°C and 1.8V < V 2 < 5.6V unless stated 
otherwise. The diode should not be operated with shunt capacitances between 100 pF 
and 0.01 pF, unless isolated by at least a 50i2 resistor, as it may oscillate at somecurrents. 

NOTE 3: Measured with the peak-to-peak change of reverse current equal to 10 percent 
of the dc reverse current. 

NOTE 4: These specifications apply for -55°C<T A < 125°C. 


1-5 


LM103 




FORWARD VOLTAGE (V) 


o 

£ 


guaranteed reverse characteristics 



REVERSE CURRENT (mA) REVERSE CURRENT (mA) REVERSE CURRENT (mA) 


typical performance characteristics 

Reverse Characteristics Reverse Dynamic Impedance Temperature Drift 



FORWARO CURRENT (mA) TIME (ms) AMBIENT TEMPERATURE <°C) 


BREAKDOWN PART 

VOLTAGE* NUMBER 

1.8 LM103H-1 .8 

2.0 LM103H-2.0 

2.2 LM 1 03H-2.2 

2.4 LM 103H-2.4 

2.7 LM103H-2.7 

3.0 LM103H-3.0 

3.3 LM103H-3.3 

3.6 LM103H-3.6 

3.9 LM103H-3.9 

4.3 LM103H-4.3 

4.7 LM103H-4.7 

5.1 LM103H-5.1 

5.6 LM 103H-5.6 


* Measured at Ir = 1 mA. 
Standard tolerance is±10%. 
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Voltage Regulators 


LM104/LM204 negative regulator 
general description 

The LM104 and LM204 are precision voltage 
regulators which can be programmed by a single 
external resistor to supply any voltage from 40V 
down to zero while operating from a single 
unregulated supply. They can also provide 
0.01 -percent regulation in circuits using a separate, 
floating bias supply, where the output voltage 
is limited only by the breakdown of external 
pass transistors. Although designed primarily as 
linear, series regulators, the circuits can be used as 
switching regulators, current regulators or in a 
number of other control applications. Typical 
performance characteristics are: 

■ 1 mV regulation no load to full load 

■ 0.01 %/V line regulation 

■ 0.2 mV/V ripple rejection 


■ 0.3% temperature stability over military tem- 
perature range 

The LM104 and LM204 are complements of the 
LM100 and LM105 positive regulators, intended 
for systems requiring regulated negative voltages 
which have a common ground with the unregu- 
lated supply. By themselves, they can deliver 
output currents to 25 mA, but external transistors 
can be added to get any desired current. The 
output voltage is set by external resistors, and 
either constant or foldback current limiting is 
made available. 

The LM104 is specified for operation over the 
-55°C to +125°C military temperature range. The 
LM204 is specified for operation over the -25°C to 
+85°C temperature range. 


schematic and connection diagrams 


Metal Can 

NC 


ADJUSTMENT 




Note: Pin 5 connected to case. 

TOP VIEW 

Order Number LM104H or LM204H 
See Package 12 


Flat Package 



2 CURRENT LIMIT 


Note: Pin 5 connected to bottom of package. 
TOP VIEW 


Order Number LM104F or LM204F 
See Package 3 


typical applications 

Operating with Separate Bias Supply 



High Current Regulator 



Basic Regulator Circuit 
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LM104/LM204 



LM104/LM204 


absolute maximum ratings 





Input Voltage 


50V 




Input-Output Voltage Differential 

50V 




Power Dissipation (Note 1) 
Operating Temperature Range 


500 mW 




LM 104 

-55 Cto 1 25° C 




LM204 

-25°C to 85°C 




Storage Temperature Range 

-65° Cto 1 50° C 




Lead Temperature (Soldering, 10 sec) 

electrical characteristics (Note 2 ) 

300 C 




PARAMETER 

CONDITIONS 

MIN 

TYP 

MAX 

UNITS 

Input Voltage Range 


-50 


-8 

V 

Output Voltage Range 


-40 


-0.015 

V 

Output-Input Voltage 

1 0 = 20 m A 

2.0 


50 

V 

Differential (Note 3) 

l 0 = 5 mA 

0.5 


50 

V 

Load Regulation (Note 4) 

0<l o <20mA 

R sc = 1 5£2 


1 

5 

mV 

Line Regulation (Note 5) 

V 0 UT < — 5V 

AV|N = 0.1 V|N 


0.056 

0.1 

% 

Ripple Rejection 

C 19 = lOjdF.f = 120 Hz 

Vin < -15V 


0.2 

0.5 

mV/V 


-7V > V, N >-1 5V 


0.5 

1.0 

mV/V 

Output Voltage Scale Factor 

R 23 = 2.4k 

1.8 

2.0 

2.2 

V/k£2 

Temperature Stability 

> 

T 

VI 

0 

> 


0.3 

1.0 

% 

Output Noise Voltage 

10 Hz<f < 10 kHz 






V 0 < -5V, C 19 = 0 


0.007 


% 


Ci 9 = 1 0 /jF 


15 


mv 

Standby Current Drain 

l L = 5 mA, V Q = 0 


1.7 

2.5 

mA 


V 0 = -40V 


3.6 

5.0 

mA 

Long Term Stability 

> 

T 

VI 

0 

> 


0.1 

1.0 

% 

Note 1: The maximum junction temperature of the LM104 is 150°C, while that 
of the LM204 is 100°C. For operating at elevated temperatures, devices in the 




TO-5 package must be derated based on a thermal resistance of 

1 50°C/W, 




junction to ambient, or 45°C/W, 

junction to case. For the flat package, the 




derating is based on a thermal resistance of 185°C/W when mounted on a 




1/1 6-inch-thick epoxy glass board 

with ten, 0.03-inch-wide, 2-ounce copper 




conductors. 






Note 2: These specifications apply for junction temperatures between - 

55°C and 




150°C (between -25°C and 100°C for the LM204) and for input and output 
voltages within the ranges given, unless otherwise specified. The load and line 
regulation specifications are for constant junction temperature. Temperature drift 
effects must be taken into account separately when the unit is operating under 




conditions of high dissipation. 






Note 3: When external booster transistors are used, the minimum output-input 




voltage differential is increased, in the worst case, by approximately IV. 





Note 4: The output currents given, as well as the load regulation, can be 
increased by the addition of external transistors. The improvement factor will be 




roughly equal to the composite current gain of the added transistors. 





Note 5: With zero output, the dc 

line regulation is determined from the ripple 




rejection. Hence, with output voltages between 0V and -5V, a dc output 




variation, determined from the ripple rejection, must be added to 

find the 




worst-case line regulation. 
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OUTPUT VOLTAGE DEVIATION (mV) CURRENT-LIMIT SENSE VOLTAGE (V) SUPPLY VOLTAGE REJECTION (%/V) OUTPUT VOLTAGE DEVIATION (mV) 


typical performance characteristics 


Load Regulation 


Load Regulation 


Current Limiting 


■ 

■ 

■■■■ 

siS? 


■ 

■ 

■ 

m 


















R s 

c = 

5i2 







.... 





_ 







0 5 10 15 20 25 

LOAD CURRENT (mA) 


Supply Voltage Rejection 




0 10 20 30 40 

LOAD CURRENT (mA) 

Supply Voltage Rejection With 
Preregulated Reference Supply 



10 20 30 40 50 

DC INPUT VOLTAGE (V) 


0 10 20 30 40 50 

DC INPUT VOLTAGE (V) 



10 20 30 40 50 60 

LOAD CURRENT (mA) 


Ripple Rejection 


Vripple IV P-P- 
-f = 120 Hz 
_C 19 = 10/iF 


0 10 20 30 40 50 

DC INPUT VOLTAGE (V) 


Current Limit Sense Voltage 


Regulator Dropout Voltage 


Minimum Input Voltage 



-75 -50 -25 0 25 50 75 100 125 150 
JUNCTION TEMPERATURE (°C) 



-75 -50 -25 0 25 50 75 100 125 150 

JUNCTION TEMPERATURE (°C) 



-75 -50 -25 0 25 50 75 100 125 150 

JUNCTION TEMPERATURE (°C) 


Line Transient Response 


Load Transient Response 


Standby Current Drain 


_V OUT = 10V _ 
AV,m = 1V 


10 20 
TIME M 


V OU t = 10V 
“Cout = 1 mF — 

_I NL = 5 mA 

l FL = 15 mA 
-t r <5 ns-1— — 


10 20 
TIME (/zs) 



10 20 30 40 

OUTPUT VOLTAGE (V) 
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LM104/LM204 




LM304 



Voltage Regulators 


LM304 negative regulator 
general description 

The LM304 is a precision voltage regulator which 
can be programmed by a single external resistor to 
supply any voltage from 30V down to zero while 
operating from a single unregulated supply. It can 
also provide 0.01 -percent regulation in circuits 
using a separate, floating bias supply, where the 
output voltage is limited only by the breakdown 
of external pass transistors. Although designed 
primarily as a linear, series regulator, the circuit 
can be used as a switching regulator, a current 
regulator or in a number of other control applica- 
tions. Typical performance characteristics are: 

■ 1 mV regulation no load to full load 

■ 0.01%/V line regulation 


■ 0.2 mV/V ripple rejection 


The LM304 is a complement of the LM300 and 
LM305 positive regulators, intended for systems 
requiring regulated negative voltages which have a 
common ground with the unregulated supply. By 
itself, it can deliver output currents to 25 mA, but 
external transistors can be added to get any de- 
sired current. The output voltage is set by external 
resistors, and either constant or foldback current 
limiting is made available. The LM304 is a 
commercial/industrial version of the LM104 and 
LM204. 


schematic and connection diagrams 



Metal Can 



Note: Pin 5 connected to case. 

TOP VIEW 

Order Number LM304H 
See Package 12 


Flat Package 



Note: Pin 5 connected to bottom of package. 
TOP VIEW 

Order Number LM304F 
See Package 3 


typical applications 

Operating with Separate Bias Supply 



High Current Regulator 



Basic Regulator Circuit 
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absolute maximum ratings 





Input Voltage 


40V 




Input-Output Voltage Differential 

40V 




Power Dissipation (Note 1) 

500 mW 




Operating Temperature Range 

0°C to 70° C 




Storage Temperature Range 

-65° C to 1 50° C 




Lead Temperature (Soldering, 10 sec) 

300 C 




electrical characteristics (Note 2) 





PARAMETER 

CONDITIONS 

MIN 

TYP 

MAX 

UNITS 

Input Voltage Range 


-40 


-8 

V 

Output Voltage Range 


-30 


-0.035 

V 

Output-Input Voltage 

l Q = 20 mA 

2.0 


40 

V 

Differential (Note 3) 

l Q = 5 mA 

0.5 


40 

V 

Load Regulation (Note 4) 

0<lo< 2 °mA 

RgQ = 1 5 £2 


1 

5 

mV 

Line Regulation (Note 5) 

V OU t<-5V 

AV in = 0.1 V 1N 


0.056 

0.1 

% 

Ripple Rejection 

C 19 = 10 /uF, f = 120 Hz 

V, N < -15V 


0.2 

0.5 

mV/V 


-7V>V, n >-15V 


0.5 

1.0 

mV/V 

Output Voltage Scale Factor 

R 23 = 2.4K 

1.8 

2.0 

2.2 

V/K£2 

Temperature Stability 

V 0 <-1V, 0°C<T a <70°C 


0.3 

1.0 

% 

Output Noise Voltage 

10 Hz<f < 10 KHz 






V 0 < -5V, C 19 = 0 


0.007 


% 


C 19 = 10/iF 


15 


MV 

Standby Current Drain 

l L = 5 mA, V 0 = 0 


1.7 

2.5 

mA 


V 0 = -30V 


3.6 

5.0 

mA 

Long Term Stability 

V Q < -1 V 


0.1 

1.0 

% 

Note 1: For operating at elevated temperatures, the device must be derated based 
on an 85°C maximum junction temperature and a thermal resistance of 45°C/W 
junction to case or 150°C/W junction to ambient. Peak dissipations to 1.0W are 
allowable providing the dissipation rating is not exceeded with the power averaged 




over a two second interval. 






Note 2: These specifications apply for junction temperatures between 0°C and 

85°C and for input and output voltages within the ranges given, unless otherwise 




specified. The load and line regulation specifications are for constant junction 
temperature. Temperature drift effects must be taken into account separately 




when the unit is operating under conditions of high dissipation. 





Note 3: When external booster transistors are used, the minimum output-input 




voltage differential is increased, in the worst case, by approximately IV. 





Note 4: The output currents given 

as well as the load regulation, can be in- 




creased by the addition of external transistors. The improvement factor will be 




roughly equal to the composite current gain of the added transistors. 





Note 5: With zero output, the dc line regulation is determined from the ripple 
rejection. Hence, with output voltages between 0V and -5V, a dc output varia- 
tion, determined from the ripple rejection, must be added to find the worst-case 




line regulation. 
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OUTPUT VOLTAGE DEVIATION (mV) CURRENT LIMIT SENSE VOLTAGE (V) SUPPLY VOLTAGE REJECTION (%/V) OUTPUT VOLTAGE DEVIATION (mV) 
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ISIS Voltage Regulators 

LM105/LM205/LM305 voltage regulator 


general description 

The LM105, LM205 and LM305 are positive volt- 
age regulators similar to the LM100, except that 
an extra gain stage has been added for improved 
regulation. A redesign of the biasing circuitry 
removes any minimum load current requirement 
and at the same time reduces standby current 
drain, permitting higher voltage operation. They 
are direct, plug-in replacements for the LM100 in 
both linear and switching regulator circuits with 
output voltages greater than 4.5V. Important 
characteristics of the circuits are: 

■ Output voltage adjustable from 4.5V to 40V 

■ Output currents in excess of 10A possible by 
adding external transistors 

■ Load regulation better than 0.1%, full load with 
current limiting 


■ DC line regulation guaranteed at 0.03%/V 

■ Ripple rejection of 0.01 %/V 

Like the LM100, they also feature fast response to 
both load and line transients, freedom from 
oscillations with varying resistive and reactive 
loads and the ability to start reliably on any load 
within rating. The circuits are built on a single 
silicon chip and are supplied in either an 8-lead, 
TO-5 header or a 1/4" x 1/4" metal flat package. 

The LIVI205 is identical to the LM105 except that 
it is specified for operation from -25°C to 85°C. 

The LM305 is specified for operation from 0°C to 
70°C and for output voltages to 30V. 


schematic and connection diagrams 



typical applications 


10A Regulator with Foldback Current Limiting 



Metal Can 


REGULATED OUTPUT 



GROUND 

Note: Pin 4 connected to case. 
TOP VIEW 


Order Number LM105H, 
LM205H or LM305H 
See Package 1 1 


Flat Package 


NO CONNECTION l 
BOOSTER OUTPUT i 
UNREGULATED INPUT! 

GROUND! 
REFERENCE BYPASS] 



2 NO CONNECTION 

3 CURRENT LIMIT 

2 REGULATED OUTPUT 
2 COMPENSATION 
2 FEEDBACK 


Note: Pin 4 connected to bottom of package. 


Order Number LM105F, 
LM205F or LM305F 
See Package 3 


1.0A Regulator with Protective Diodes 




1-13 


LM105/LM205/LM305 



LM105/LM205/LM305 


absolute maximum ratings 

Input Voltage 

LM105, LM205 50V 

LM305 40V 

Input-Output Voltage Differential 40V 

Power Dissipation (Note 1 ) 

LM105, LM205 800 mW 

LM305 500 mW 

Operating Temperature Range 0°C to 70°C 

LM105 -55°C to +125°C 

LM205 -25°C to +85°C 

LM305 0°C to 70° C 

Storage Temperature Range -65 C to 150 C 

Lead Temperature (Soldering, 10 sec) 300°C 

electrical characteristics (Note 2) 

PARAMETER 

CONDITIONS 

MIN 



UNITS 

Input Voltage Range 






LM105, LM205 


8.5 


50 

V 

LM305 


8.5 


40 

V 

Output Voltage Range 






LM105, LM205 


4.5 


40 

V 

LM305 


4.5 


30 

V 

Output-Input Voltage 






Differential 


3.0 


30 

V 

Load Regulation (Note 3) 






LM105 

0<lo< 12 mA 






R sc = 10J2, T a = 25° c 


0.02 

0.05 

% 


R sc = 10S1,T A = 125°C 


0.03 

0.1 

% 


R sc = 10n,T A = -55°C 


0.03 

0.1 

% 

LM205 

0< l 0 < 12mA 






R sc = 10n, T a = 25° C 


0.02 

0.05 

% 


R sc = 10 n,T A = 85° C 


0.03 

0.1 

% 


R sc = ion, T a = -25°C 


0.03 

0.1 

% 

LM305 

0< Iq < 12 mA 






Rsc = ion, T a = 25° C 


0.02 

0.05 

% 


R sc = 15S2, T a = 70°C 


0.03 

0.1 

% 


r sc = ion,T A = 0°C 


0.03 

0.1 

% 

Line Regulation 

V in - Vout <5V 


0.025 

0.06 

%/v 


V,M - V OUT > 5V 


0.015 

0.03 

%/v 

Ripple Rejection 

C REF = 10/iF,f = 120 Hz 



0.01 

%/v 

Temperature Stability 






LM105 

-55°C < T A < 125°C 


0.3 

1.0 

% 

LM205 

-25°C < T A < 85° C 


0.3 

1.0 

% 

LM305 

0°C < T a < 70 u c 


0.3 

1.0 

% 

Feedback Sense Voltage 


1.63 

1.7 

1.81 

V 

Output Noise Voltage 

10Hz<f< 10 kHz 






Cref = 0 




% 


Cref >0.1 (if 




% 

Current Limit Sense 

R sc = 10n, T a = 25° C, 





Voltage 

Vout = 0V 

225 


375 

mV 

Standby Current Drain 






LM105, LM205 

V, N = 50V 


0.8 

2.0 

mA 

LM305 

V, N = 40V 


0.8 

2.0 

mA 

Long Term Stability 



0.1 

1.0 

% 

Note 1: The maximum junction temperature of the LM105 is 150°C, while that for the LM205 is 

100°C, and that for the LM305 is 85°C. For operating at elevated temperatures, devices in the TO-5 
package must be derated based on a thermal resistance of 150° C/W, junction to ambient, or 45°C/W, 
junction to case. For the flat package, the derating is based on a thermal resistance of 185° C/W when 
mounted on a 1 /16-inch-thick epoxy glass board with ten, 0.03-inch-wide, 2-ounce copper conductors. 

Peak dissipations to 1W are allowable providing the dissipation rating is not exceeded with the power 
averaged over a five second interval for the LM105 and LM205, and averaged over a two second 
interval for the LM305. 

Note 2: These specifications apply for input and output voltages within the ranges given, and for a 
divider impedance seen by the feedback terminal of 2 kn, unless otherwise specified. The load and 
line regulation specifications are for constant junction temperature. Temperature drift effects must be 
taken into account separately when the unit is operating under conditions of high dissipation. Unless 
otherwise specified, Ta = 25°C. 

Note 3: The output currents given, as well as the load regulation, can be increased by the addition of 
external transistors. The improvement factor will be roughly equal to the composite current gain of 
the added transistors. 
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LM105/LM205/LM305 





LM305A 



Voltage Regulators 


LM305A voltage regulator 
general description 

The LM305A is a positive voltage regulator de- 
signed primarily for commercial series regulator 
applications. By itself, it will supply output 
currents up to 45 mA; but external transistors can 
be added to provide any desired load current. The 
circuit features extremely low standby current 
drain, and provision is made for either linear or 
foldback current limiting. Important 
characteristics are: 

■ 45 mA output current without external pass 
transistor 


■ Output currents in excess of 10A possible by 
adding external transistors 

■ Maximum input voltage = 50V 

■ Output voltage adjustable from 4.5V to 40V 

■ Can be used as either a linear or a switching 
regulator 

The LM305A is also useful in a wide range of 
other applications such as a shunt regulator, a 
current regulator or a temperature controller. 


schematic and connection diagrams 



REGULATED OUTPUT 

CURRENT LIMIT COMPENSATION 

BOOSTER OUTPUT © LM305A m FEEDBACK 
UNREGULATED INPUT REFERENCE BYPASS 

GROUND 

Note: Pin 4 connected to case. 

Order Number LM305AH 
See Package 1 1 


typical applications 


Linear Regulator with Foldback Current Limiting 




R3 

510 


Shunt Regulator 


01 

IN3821 




Switching Regulator 


R4 

2M 



Engineering A262123-2 
molybdenum permally 
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absolute maximum ratings 

Input Voltage 

Input-Output Voltage Differential 
Power Dissipation (Note 1) 

Operating Temperature Range 

Storage Temperature Range 

Lead Temperature (Soldering, 60 sec) 


electrical characteristics (Note 2) 


PARAMETER 

CONDITIONS 

MIN 

TYP 

MAX 

UNITS 

Input Voltage Range 


8.5 


50 

V 

Output Voltage Range 


4.5 


40 

V 

Output-Input Voltage 


3.0 


30 

V 

Differential 






Load Regulation 

0< l Q <45 mA 





(Note 3) 

R sc = OH, T a = 25°C 


0.02 

0.2 

% 


R sc = on, T a = 70°C 


0.03 

0.4 

% 


r sc = on, t a = o°c 


0.03 

0.4 

% 

Line Regulation 

V, N - V OU t<5V 


0.025 

0.06 

%/v 


V, N ~ V OU t>5V 


0.015 

0.03 

%/v 

Ripple Rejection 

C REF = 10 /jF, f = 120 Hz 


0.003 


%/v 

Temperature Stability 

0°C < T a < 70°C 


0.3 

1.0 

% 

Feedback Sense Voltage 


1.55 

1.7 

1.85 

V 

Output Noise Voltage 

10 Hz<f < 10 kHz 






c REF = 0 


0.005 


% 


C REF >0.1 fj. F 


0.002 


% 

Current Limit Sense 

Rs C = ion, T a = 25°C . 

225 

300 

375 

mV 

Voltage (Note 4) 

V OUT = QV 





Standby Current Drain 

V IN = 50V 


0.8 

2.0 

mA 

Long Term Stability 



0.1 

1.0 

% 


Note 1 : For operating at elevated temperatures, the device must be derated based 
on a 150 C maximum junction temperature and a thermal resistance of 45°C/W 
junction to case or 150 C/W junction to ambient. 

Note 2: These specifications apply for an operating temperature between 0°C 
and 70°C, for input and output voltages within the ranges given, and for a divider 
impedance seen by the feedback terminal of 2 Kfi, unless otherwise specified. 
The load and line regulation specifications are for constant junction temperature. 
Temperature drift effects must be taken into account separately when the unit is 
operating under conditions of high dissipation. 

Note 3: The output currents given, as well as the load regulation, can be 
increased by the addition of external transistors. The improvement factor will be 
roughly equal to the composite current gam of the added transistors. 

Note 4: With no external pass transistor. 
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LM109/LM209 


Voltage Regulators 


KIS 


LM109/LM209 five-volt regulator 
general description 

The LM109 and LM209 are complete 5V 
regulators fabricated on a single silicon chip. They 
are designed for local regulation on digital logic 
cards, eliminating the distribution problems associ- 
ated with single-point regulation. The devices are 
available in two common transistor packages. In 
the solid-kovar TO-5 header, it can deliver output 
currents in excess of 200 mA, if adequate heat 
sinking is provided. With the TO-3 power package, 
the available output current is greater than 1 A. 

The regulators are essentially blow-out proof. 
Current limiting is included to limit the peak 
output current to a safe value. In addition, thermal 
shutdown is provided to keep the 1C from 
overheating. If internal dissipation becomes too 
great, the regulator will shut down to prevent 
excessive heating. 

Considerable effort was expended to make these 
devices easy to use and minimize the number of 
external components. It is not necessary to bypass 
the output, although this does improve transient 


response somewhat. Input bypassing is needed, 
however, if the regulator is located very far from 
the filter capacitor of the power supply. Stability 
is also achieved by methods that provide very good 
rejection of load or line transients as are usually 
seen with TTL logic. 

Although designed primarily as a fixed-voltage 
regulator, the output of the LM109 and LM209 
can be set to voltages above 5V, as shown below. 
It is also possible to use the circuits as the control 
element in precision regulators, taking advantage 
of the good current-handling capability and the 
thermal overload protection. 

To summarize, outstanding features of the regula- 
tor are: 

■ Specified to be complete, worst case, with TTL 
and DTL 

■ Output current in excess of 1 A 

■ Internal thermal overload protection 

■ No external components required 


schematic diagram 


typical application 



High Stability Regulator* 



’Regulation better than 0.01%, load, line and temperature, can be obtained, -±- 
^Determines zener current. May be adjusted to minimize thermal drift. 

$$olid tantalum. 


connection diagrams 



Order Number LM109H or LM209H 
See Package 9 


Order Number LM109K or LM209K 
See Package 18 


1-18 




absolute maximum ratings 

Input Voltage 
Power Dissipation 

Operating Junction Temperature Range 

Storage Temperature Range 

Lead Temperature (Soldering, 10 sec) 


electrical characteristics (Notei) 


35V 

Internally Limited 
-55°C to 150°C 
-65°C to 1 50°C 
300°C 


PARAMETER 

CONDITIONS 

MIN 

TYP 

MAX 

UNITS 

Output Voltage 

Tj = 25° C 

4.7 

5.05 

5.3 

V 

Line Regulation 

Tj = 25° C 

7V < V, N < 25V 


4 

50 

mV 

Load Regulation 

T } = 25° C 





LM109H 

5 m A ^ Iqut ^ 0.5A 


20 

50 

mV 

LM109K 

5 m A < 1 out ^ 1.5A 


50 

100 

mV 

Output Voltage 

7V < V, N < 25V 

5 mA < 1 OUT ^ Lax 

P < P 

r ^ 'max 

4.6 


5.4 

V 

Quiescent Current 

7V< V, N < 25V 


5.2 

10 

mA 

Quiescent Current Change 

7V < V IN < 25V 



0.5 

mA 


5 mA < loUT ^ Lax 



0.8 

mA 

Output Noise Voltage 

T a = 25° C 

10 Hz < f < 100 kHz 


40 


MV 

Long Term Stability 




10 

mV 

Thermal Resistance 






Junction to Case (Note 2) 

LM109H 



15 


°c/w 

LM109K 



3 


°c/w 


Note 1: Unless otherwise specified, these specifications apply for -55°C <Tj <150°C (-25°C <Tj 
< 150°C for the LM209), V | [\j = 10V and loUT = 0.1 A for the TO-5 package or loUT = °- 5A for the 
TO-3 package. For the TO-5 package, Imax = 0-2A and P max = 2.0W. For the TO-3 package. 


In 


: 1.0A and P max = 20W. 


Note 2: Without a heat sink, the thermal resistance of the TO-5 package is about 150°C/W, while that 
of the TO-3 package is approximately 35°C/W. With a heat sink, the effective thermal resistance can 
only approach the values specified, depending on the efficiency of the sink. 


typical applications(corTt) 


Fixed 5V Regulator 


Adjustable Output Regulator 


"ixt 


f 



Current Regulator 

* n5 i I L- 


^Determines output current. 


^Required if regulator is located an apprecible distance 
from power supply filter. 

^Although no output capacitor is needed for stability, 
it does improve transient response. 



1-19 


LM109/LM209 



QUIESCENT CURRENT (mA) INPUT-OUTPUT DIFFERENTIAL (V) OUTPUT CURRENT (A) POWER DISSIPATION (W) 


typical performance characteristics 


Maximum Average 
Power Dissipation 


Maximum Average 
Power Dissipation 


Output Impedance 


AMBIENT TEMPERATURE (°C) 


AMBIENT TEMPERATURE (°C) 




FREQUENCY (Hz) 


Peak Output Current 


INPUT VOLTAGE (V) 


Peak Output Current 


IK» 

iiSM 


INPUT VOLTAGE (V) 


Ripple Rejection 


M^l 



rj=i50° 






S3 





l L = 200 mA 
,V IN = 10V ! 



\ 

AV 1N = 3V PP 

j 




FREQUENCY (Hz) 


Dropout Voltage 


Dropout Characteristic 


Output Voltage 


75 -50 -25 0 25 50 75 100 125 150 

JUNCTION TEMPERATURE (°C) 


WmWSimml 


Tj = 25 C 

-1—4- 

T- 150°C , 


6 7 

INPUT VOLTAGE (V) 








[V 

_ 



















5 










V„ 

II 

g = 10V 
= 20 mA 








-75 -50 -25 0 25 50 75 100 125 150 
JUNCTION TEMPERATURE (°C) 


Quiescent Current 


Quiescent Current 


i^sai 


Output Noise Voltage 


-75 -50 -25 0 25 50 75 100 125 150 

5 

10 15 20 

25 

10 

100 IK 

JUNCTION TEMPERATURE (°C) 


INPUT VOLTAGE (V) 



FREQUENCY (Hz) 










Voltage Regulators 


LM309 five-volt regulator 
general description 

The LM309 is a complete 5V regulator fabricated 
on a single silicon chip. It is designed for local 
regulation on digital logic cards, eliminating the 
distribution problems associated with single-point 
regulation. The device is available in two common 
transistor packages. In the solid-kovar TO-5 
header, it can deliver output currents in excess of 
200 mA, if adequate heat sinking is provided. With 
the TO-3 power package, the available output 
current is greater than 1 A. 

The regulator is essentially blow-out proof. 
Current limiting is included to limit the peak 
output current to a safe value. In addition, thermal 
shutdown is provided to keep the 1C from 
overheating. If internal dissipation becomes too 
great, the regulator will shut down to prevent 
excessive heating. 

Considerable effort was expended to make the 
LM309 easy to use and minimize the number of 
external components. It is not necessary to bypass 
the output, although this does improve transient 


response somewhat. Input bypassing is needed, 
however, if the regulator is located very far from 
the filter capacitor of the power supply. Stability 
is also achieved by methods that provide very good 
rejection of load or line transients as are usually 
seen with TTL logic. 

Although designed primarily as a fixed-voltage 
regulator, the output of the LM309 can be set to 
voltages above 5V, as shown below. It is also 
possible to use the circuit as the control element in 
precision regulators, taking advantage of the good 
current-handling capability and the thermal over- 
load protection. 

To summarize, outstanding features of the regula- 
tor are: 

■ Specified to be compatible, worst case, with 
TTL and DTL 

■ Output current in excess of 1 A 

■ Internal thermal overload protection 

■ No external components required 


schematic diagram 


typical application 



High Stability Regulator* 

cit 



+Sohd tantalum. 


connection diagrams 

TO-5 (H) 


^-OUTPUT 



BOTTOM VIEW 


Order Number LM309H 
See Package 9 


TO-3 (K) 



80TT0M VIEW 

Order Number LM309K 
See Package 18 
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LM309 


absolute maximum ratings 

Input Voltage 35V 

Power Dissipation Internally Limited 

Operating Junction Temperature Range 0°C to 125°C 

Storage Temperature Range -65°C to 150°C 

Lead Temperature (Soldering, 10 sec) 300°C 


electrical characteristics (Notei) 


PARAMETER 

CONDITIONS 

MIN 

TYP 

MAX 

UNITS 

Output Voltage 

Tj = 25° C 

4.8 

5.05 

5.2 

V 

Line Regulation 

Tj = 25°C 

7V < V, N < 25V 


4.0 

50 

mV 

Load Regulation 

^ = 25° C 





LM309H 

5 mA "C Iout ^ 0.5A 


20 

50 

mV 

LM309K 

5 mA ^ Iout ^ ) .5A 


50 

100 

mV 

Output Voltage 

7V< V 1N < 25V 

5 mA < Iout ^ Lax 
P<Pmax 

4.75 


5.25 

V 

Quiescent Current 

7V< V, N < 25V 


5.2 

10 

mA 

Quiescent Current Change 

7V < V )N < 25V 



0.5 

mA 

1 

Output Noise Voltage 

5 mA < Iout < Uax 

T a = 25° C 



0.8 

mA 


10 Hz < f < 100 kHz 


40 


iuV 

Long Term Stability 




20 

mV 

Thermal Resistance 






Junction to Case (Note 2) 
LM309H 



15 


°C/W 

LM309K 



3.0 


°c/w 


Notel: Unless otherwise specified, these specifications apply for 0°C <Tj < 125°C, V | |\j = 10V and 
IquT = 0.1 A for the LM309H or l 0 UT = 0.5A for the LM309K. For the LM309H, l max = 0.2A and 
p max = 2.0W. For the LM309K, l max = 1.0A and P max = 20W. 

Note 2: Without a heat sink, the thermal resistance of the TO-5 package is about 150°C/W, while that 
of the TO-3 package is approximately 35°C/W. With a heat sink, the effective thermal resistance can 
only approach the values specified, depending on the efficiency of the sink. 


typical applications(con't) 

Fixed 5V Regulator A 


Adjustable Output Regulator 


Current Regulator 



"Required if regulator is located an apprecible distance from 
power supply filter. 

^Although no output capacitor is needed for stability, it 
does improve transient response. 




"Determines output current. 
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typical performance 

characteristics 


Maximum Average 

Maximum Average 


Power Dissipation 

Power Dissipation 

Output Impedance 


WAKEFIELDj 
HEATSINK „ 


WAKEFIELD HEAT 1 1 

h— SINK 207 i INFINITE HEAT 



lefflsl 



5=1 


AMBIENT TEMPERATURE (°C) 

AMBIENT TEMPERATURE (°C) 

FREQUENCY (Hz) 

Peak Output Current 

Peak Output Current 

Ripple Rejection 




! | 


IkV 



5 

v IN =7ovT 


IHi 

AV| N = 3 Vpp 
1 1 


H 


10 15 20 25 30 35 5 10 15 20 25 30 35 10 10 Q ik 10k 


INPUT VOLTAGE (V) 


INPUT VOLTAGE (V) 


FREQUENCY (Hz) 


Dropout Voltage 


Dropout Characteristic 


Output Voltage 


1A (TO-3) — 


l L = 500 mA (T0-3H 


l L = 200 mA 7 
li = 20 m A 


0 25 50 75 100 125 

JUNCTION TEMPERATURE |°C) 


T, = 125°C // Tj = 25°C 


INPUT VOLTAGE (V) 



0 25 50 75 100 

JUNCTION TEMPERATURE (°C) 


Quiescent Current 


JUNCTION TEMPERATURE ("0 


Quiescent Current 



INPUT VOLTAGE (V) 


Output Noise Voltage 


FREQUENCY (Hz) 
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Voltage Regulators 


LM113 reference diode 
general description 

The LM113 is a temperature-compensated, low- 
voltage reference diode. It features extremely-tight 
regulation over a wide range of operating currents 
in addition to an unusually-low breakdown voltage 
and good temperature stability. 

The diode is synthesized using transistors and resis- 
tors in a monolithic integrated circuit. As such, it 
has the same low noise and long term stability as 
modern 1C op amps. Further, output voltage of 
the reference depends only on highly-predictable 
properties of components in the 1C; so it can be 
manufactured and supplied to tight tolerances. 
Outstanding features include: 

■ Low breakdown voltage: 1.220V 


■ Dynamic impedance of 0.3H from 500 /iA to 
20 mA 

■ Temperature stability typically 1% over -55°C 
to 1 25°C range 

■ Tight tolerance: ±5% standard, ±2% and ±1% 
on special order. 

The characteristics of this reference recommend it 
for use in bias-regulation circuitry, in low-voltage 
power supplies or in battery powered equipment. 
The fact that the breakdown voltage is equal to a 
physical property of silicon— the energy-band-gap 
voltage— makes it useful for many temperature- 
compensation and temperature-measurement 
functions. 


schematic and connection diagrams 




Note: Pin 2 connected to case. 
TOP VIEW 


Order Number LM113H 
See Package 8 


typical applications 

Level Detector for Photodiode Low Voltage Regulator 


V )N >3V 
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absolute maximum ratings 


Power Dissipation (Note 1) 

Reverse Current 

Forward Current 

Operating Temperature Range 

Storage Temperature Range 

Lead Temperature (soldering, 10 sec) 


100 mW 
50 mA 
50 mA 
-55°C to 1 25° C 
-65°C to 150°C 
300°C 


electrical characteristics (Note 2) 


PARAMETER 

CONDITIONS 

MIN 

TYP 

MAX 

UNITS 

Reverse Breakdown Voltage 

1 p — 1 m A 

1.160 

1.220 

1.280 

V 

Reverse Breakdown Voltage 

0.5 mA < l R <20 mA 


6.0 

15 

mV 

Change 









0.2 

1.0 

n 

Reverse Dynamic Impedance 

1 r — 1 0 m A 


0.25 

0.8 

n 

Forward Voltage Drop 

l F = 1.0 mA 


0.67 

1.0 

V 


10 Hz < f < 10 kHz 




MV 

RMS Noise Voltage 

1 r - 1 m A 


5 


Reverse Breakdown Voltage 

0.5 mA < l R < 10 mA 



15 

mV 

Change 

-55°C<T A < 125°C 



Breakdown Voltage Temperature 

1 .0 mA < l R < 10 mA 


0.01 


%/°C 

Coefficient 

-55°C<T A < 125°C 










Notel: For operating at elevated temperatures, the device must be derated based on a 150°C 
maximum junction and a thermal resistance of 80°C/W junction to case or 440°C/W junction to 
ambient. 

Note 2: These specifications apply for T A = 25°C, unless stated otherwise. At high currents, 
breakdown voltage should be measured with lead lengths less than 1/4 inch. Kelvin contact sockets are 
also recommended. The diode should not be operated with shunt capacitances between 200 pF and 
0.1 juF, unless isolated by at least a 100H resistor, as it may oscillate at some currents . 

typical performance characteristics 


Temperature Drift 



-55 -35 -15 5 25 45 65 85 105 125 
TEMPERATURE (°C) 


Reverse Dynamic Impedance 



0.3 1 3 10 30 

REVERSE CURRENT (mA) 



0.3 1 3 10 30 

REVERSE CURRENT (mA) 
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LM113 



S typical performance characteristics (con't) 

Reverse Characteristics Reverse Dynamic Impedance 


1 

■■ 

i 

1 

HH 

i 

1 

mm 

1 



i 

iiiiaco 

HIM 


ii 

Si 


ai 

111 


Noise Voltage 




nn 



mu 



mu 

i 


mi 

1 

iiiiiiunii i 
lllllll ■llllll! 

1 

iiiiiii 


REVERSE VOLTAGE (V) 


FREQUENCY (Hz) 


Forward Characteristics 


Response Time 


Maximum Shunt Capacitance 


FORWARD CURRENT (mA) 

typical applications (con't) 


CAPACITANCE (pF) 


•— J 2N2222 
LM113 'JL £ 30K 



Amplifier Biasing for Constant Gain with Temperature 


Constant Current Source 


WII 

k r 

>10K» 



2N2222 

-/ 

L 

3 

200K < < 

► 6 * 

. “f 1 

1 


*Adjust for OV at 0°C 
tAdjust for 100 mV/°C 


Thermometer 




Voltage Regulators 


LM120 series three-terminal negative regulators 


general description 

The LM120 Series are three-terminal negative regu- 
lators with a fixed output voltage of -5V, -5.2V, 
-12V, and -15V and up to 1.5A load current cap- 
ability. These devices need only one external com- 
ponent — a compensation capacitor at the output, 
making them easy to apply. Worst case guarantees 
on output voltage deviation due to any combin- 
ation of line, load or temperature variation assure 
satisfactory system operation. 

Exceptional effort has been made to make the 
LM120 Series immune to overload conditions. 
The regulators have current limiting which is in- 
dependent of temperature, combined with thermal 
overload protection. Internal current limiting pro- 
tects against momentary faults while thermal shut- 
down prevents junction temperatures from exceed- 
ing safe limits during prolonged overloads. 

Although primarily intended for fixed output 
voltage applications, the LM 1 20 Series may be pro- 


grammed for higher output voltages with a simple 
resistive divider. The low quiescent drain current of 
the devices allows this technique to be used with 
good regulation. 

The LM120 Series is available in TO-5 and TO-3 
packages. The TO-5 is rated at 200 mA and 2W; 
the TO-3 at 1A and 20W. 

features 

■ Preset output voltage error less than ±3% 

■ Preset current limit 

■ Internal thermal shutdown 

■ Operates with input-output voltage differential 
down to IV 

■ Excellent ripple rejection 

■ 50 mV load regulation 


schematic and connection diagrams 

-5V & -5.2V 



TO-5 (H) 



BOTTOM VIEW 


Order Numbers: 

LM120H-5.0 LM120H-5.2 LM120H-12 LM120H-15 
LM220H-5.0 LM220H-5.2 LM220H-12 LM220H-15 
LM320H-5.0 LM320H-5.2 LM320H-12 LM320H-15 
See Package 9 



TO-3 (K) 



BOTTOM VIEW 

Order Numbers: 

LM120K-5.0 LM120K-5.2 LM120K-12 LM120K-15; 
LM220K-5.0 LM220K-5.2 LM220K-12 LM220K-15 
LM320K-5.0 LM320K-5.2 LM320K-12 LM320K-15 
See Package 18 
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LM120 Series 


absolute maximum ratings 

_ _ Input Input- 

Device Type 


LM120 Series/-5.0V 
LM120 Series/-5.2V 
LM120 Series/-! 2V 
LM120 Series/-! 5V 


Input-Output 

Differential 

25V 

25V 

30V 

30V 


Power Dissipation Internally Limited 

Operating Junction Temperature Range 

LM120 -55°C to +1 50°C 

LM220 -25°C to +150°C 

LM320 0°C to +125°C 

Storage Temperature Range -65°C to +150°C 

Lead Temperature (Soldering 10 sec) 300°C 


electrical characteristics (-5V&-5.2V) (Note d 


PARAMETER 

Output Voltage 


CONDITIONS 


LM120 

LM220 

MIN I MAX 


LM320 

MIN I MAX 


Line Regulation (Note 2) 


Load Regulation (Note 2) 
H Package 
K Package 

Output Voltage 


Tj = 25 C 

-25V ^ V IN < -7V 
Tj = 25°C 

5mA^l OU T^0.5A 

5mA<l OU T^1-5A 

-25V^V in <- 7V 
5 mA < Iout ^ Imax 
P^Pmax -5V 
-5.2V 

-25V^V in ^-7V 

T a = 25°C 
-25V^V in ^- 7V 
5 mA < Iqut ^ •max 

T a = 25°C, C L = 1 pF 
10Hz<f< 100 kHz 


Quiescent Current -25V V| N <1 -7V 

Quiescent Current Change T A =25°C 

-25V^V in ^-7V 
5 mA < Iqut ^ •max 

Output Noise Voltage T A = 25°C, C L = 1 pF 

10Hz<f< 100 kHz 

Long Term Stability 

Thermal Resistance 
Junction to Case 

H Package 

K Package 

electrical characteristics (-12V) (Notei) 


50 mV 


50 mV 

100 mV 


-5.25 -4.75 V 

-5.45 -4.95 V 

2.0 mA 


PARAMFTFR 

CONDITIONS 

LM120 

LM220 

TYP 

LM320 

UNITS 



MIN 

MAX 


MIN 

MAX 


Output Voltage 

Tj = 25°C 

-12.3 

-11.7 

-12 

-12.4 

-11.6 

V 

Line Regulation (Note 2) 

T, = 25°C 








-32V^V, n <-14V 


10 

4 


20 

mV 

Load Regulation 

Tj = 25°C 







H Package ,,, 

(Note 2) 

5 mA<l OL i T <0.2A 


25 

10 


40 

mV 

K Package ' 

5 mA<l OUT <1 .0A 


80 

30 


80 

Output Voltage 

-32V^V, N <-14V 

-12.5 

-11.5 


-12.6 

-11.4 

V 


5 mA^l OUT ^l MAX 








P<P MAX 







Quiescent Current 

-32V<V in <-14V 


4 

2 


4 

mA 

Quiescent Current Change 

Tj = 25°C 








-32V<V in <-14V 



0.1 





5 mA<l OUT ^l MAX 



0.1 



mA 

Output Noise Voltage 

T a = 25°C 



400 



mV 


10 Hz ^ f ^ 100 kHz 







Long Term Stability 



120 

15 


120 

mV 




electrical characteristics (— isv) (Notei) 


PARAMETER 

CONDITIONS 

LM120 

LM220 

TYP 

LM320 

UNITS 

MIN 

MAX 

MIN 

MAX 

Output Voltage 

Tj = 25°C 

-15.3 

-14.7 

-15 

-15.4 

-14.6 

V 

Line Regulation (Note 2) 

T, = 25°C 


10 

5 


20 

mV 


-35V<V IN <-1 7V 







Load Regulation 

Tj = 25°C 







H Packa 9 e (No , 2) 

5 mA<l OUT <0.2A 


25 

10 


40 


K Package ( ^ 

5 mA^l OUT ^i OA 


80 

30 


80 


Output Voltage 

-35V^V in ^-17V 

15.5 

14.5 


15.6 

14.4 

V 


5 mA<^l 0 uT^MAX 








P<Pmax 







Quiescent Current 

t35V<V in <-17V 


4 

2 


4 

mA 

Quiescent Current Change 

Tj = 25°C 








-35V^V, n ^-17V 



0.1 



mA 


5 mA<l OUT ^l MAX 



0.1 




Output Noise Voltage 




400 



juV 

Long Term Stability 



150 

15 


150 

mV 


Note 1: Unless otherwise specified, these specifications apply: -55°C<Tj<150°C for the LM120; -25°C<Tj<1 50°C for 
the LM220, and 0°C<Tj<1 25° C for the LM320; V |jyj = (VquT + 5V > and 'OUT = 0-1 A for the TO-5 package and loUT = °- 5A 
for the TO -3 package. For the TO-5 package, ImaX = °- 2A and P MAX = 2.0W. For the TO-3 package, l|\/iAX = 10A and 
PMAX = 20W. Although power dissipation is internally limited, electrical specifications apply only for power levels up to 
P MAX- por calculations of junction temperature rise due to power dissipation, use a thermal resistance of 150°C/W for the 
TO-5 and 35°C/W for the TO-3. With an infinite heat sink, the thermal resistance is 15°C/W and 3°C/W respectively. 

Note 2: Regulation is measured at constant junction temperature. Changes in output voltage due to heating effects must be 
taken into account separately. To ensure constant junction temperature, pulse testing with a low duty cycle is used. 


typical performance characteristics 


Maximum Average 
Power Dissipation 


Maximum Average 
Power Dissipation 


Ripple Rejection 



AMBIENT TEMPERATURE (°C) 


AMBIENT TEMPERATURE (°C) 


FREQUENCY (Hz) 


Output Impedance 



100 Ik 10k 100k 1M 10M 


FREQUENCY (Hz) 


Output Voltage 



TEMPERATURE (°C) 
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LM120 Series 



LM120 Series 


typical applications 



•Determines zener current. May be adjusted to minimize temperature drift. 
’•"•'Solid tantalum. 

*An LM120-12 or LM120-15 may be used to permit higher input voltages, 
but the regulated output voltage must be at least -15V when using the 
LM120-12 and -18V for the LM120-15. 

**Select resistors to set output voltage. 1 PPM/°C tracking suggested. 

Load and line regulation < 0.01% temperature stability < 0.1%. 

High Stability 1 Amp Regulator 



Dual Trimmed Supply 



"Optional. Improves transient response and ripple rejection. 


V 0 UT = V S et 


R1 + R2 
R2 


Select R2 as follows: 
LM120-5 - 300n 
LM1 20-5.2 - 300H 
LM120-12 - 750n 
LM120-15 - 1 Kfl 



♦Required if regulator is separated from filter capacitor. For value given, 
capacitor must be solid tantalum. 25juF aluminum electrolytic may be 
substituted. 

'•Required for stability. For value given, capacitor must be solid tantalum. 
25pF aluminum electrolytic may be substituted. Values given may be 
increased without limit. 

For output capacitance in excess of 100/rF. A high current diode from 
input to output (1 N4001 , etc.) will protect the regulator from 
momentary input shorts. 


Variable Output 


Fixed Regulator 



1-30 




Voltage Regulators 

LM320T series three-terminal negative regulators 
general description 



The LM320T Series are three-terminal negative regulators 
with a fixed output voltage of -5V, -5.2 V, -6V, -8V, 
-12V, -15V, -18V, -24V and up to 1.5A load current 
capability. These devices need only one external com- 
ponent— a compensation capacitor at the output, making 
them easy to apply. Worst case guarantees an output 
voltage deviation due to any combination of line, load 
or temperature variation assure satisfactory system 
operation. 

Exceptional effort has been made to make the LM320T 
Series immune to overload conditions. The regulators 
have current limiting which is independent of tempera- 
ture, combined with thermal overload protection. I nternal 
current limiting protects against momentary faults while 
thermal shutdown prevents junction temperatures from 
exceeding safe limits during prolonged overloads. 


Although primarily intended for fixed output voltage 
applications, the LM320T Series may be programmed 
for higher output voltages with a simple resistive divider. 
The low quiescent drain current of the devices allows 
this technique to be used with good regulation. 

The LM320T Series is packaged in the easy to use 
Epoxy B TO-220 rated at 15 watts dissipation. 

featu res 

■ Preset output voltage 

■ Current limit constant with temperature 

■ Internal thermal shutdown 

■ Operates with input-output voltage differential down 
to IV 

■ Excellent ripple rejection 

■ Easily adjustable to higher output voltage 


schematic diagrams 

— 5V, -5.2V, — 6V, — 8V 


connection diagram 
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LM320T series 



LM320T series 


absolute maximum ratings 


Device Type 

Input 

Input-Output 

Voltage 

Differential 

LM320T 5V, 5.2V, 6V, 8V 

-25V 

25V 

LM320T 12 V, 15V, 18V 

-35V 

30V 

LM320T 24V 

-40V 

35V 

Power Dissipation 


Internally Limited 

Operating Junction Temperature Range 


0°C to +125°C 

Storage Temperature Range 


-65°C to +1 50°C 

Lead Temperature (Soldering, 10 seconds) 


230°C 


electrical characteristics (-5V and -5.2V) (Note i) 


PARAMETER 

CONDITIONS 

MIN 

TYP 

MAX 

UNITS 

Output Voltage 

Tj = 25°C, -5V 

-5.2 

-5.0 

-4.8 

V 


-5.2V 

-5.4 

-5.2 

-5.0 

V 

Line Regulation (Note 2) 

Tj = 25°C, -25V < V IN < -7.5V 


10 

40 

mV 

Load Regulation (Note 2) 

Tj = 25°C, 5 mA< Iqut < 1.5A 


70 

120 

mV 

Output Voltage 

-25V < V, N < — 7V 

5 mA < 1 out < 1 0A 






P < 1 5W, -5 V 

-5.25 


-4.75 

V 


-5.2V 

-5.45 


-4.95 

V 

Quiescent Current 



1.0 

3 

mA 

Quiescent Current Change 

T a = 25°C, -25V < V )N < —7.5V 


0.1 

0.5 

mA 


5mA ^ 1 out ^ 1 . 0 A 


0.1 

0.5 

mA 

Output Noise Voltage 

T a = 25°C, C L = IjuF, 






10 Hz<f< 100 kHz 


150 


JuV 

Long Term Stability 



10 


mV 

Thermal Resistance 

Junction to Case 



5 


°C/W 


electrical characteristics (-6V) (Note i) 


PARAMETER 

CONDITIONS 

MIN 

TYP 

MAX 

UNITS 

Output Voltage 

Tj = 25° C 

-6.25 

-6 

-5.75 

V 

Line Regulation (Note 2) 

Tj = 25°C, -25V < V, N < -8.5V 


12 

40 

mV 

Load Regulation (Note 2) 

Tj = 25°C, 5mA<l OU T<1-5A 


70 

120 

mV 

Output Voltage 

-25V < V IN < -8.5V 

5mA< Iqut < 1.0A, P< 15W 

-6.3 


-5.7 

V 

Quiescent Current 



1 

3 

mA 

Quiescent Current Change 

Tj = 25°C, -25V < V, N < -8.5V 


0.1 

0.5 

mA 


5 mA < Iout ^ 1.0A 


0.1 

0.5 

mA 

Output Noise Voltage 

T a = 25°C, 10 Hz < f < 100 kHz 


180 


PV 

Long Term Stability 

1 


12 


mV 


Note 1: Unless otherwise specified, these specifications apply: 0°C < Tj < 125°C; V | jsj = (Vqut + 5V) and I OUT = 5 mA. Although power 
dissipation is internally limited, electrical specifications apply only for power levels up to 15W. For calculations of junction temperature rise due 
to power dissipation, use a thermal resistance of 50°C/W (no heat sink). With an infinite heat sink, the thermal resistance is 5°C/W. 

Note 2: Regulation is measured at constant junction temperature. Changes in output voltage due to heating effects must be taken into account 
separately. To ensure constant junction temperature, pulse testing with a low duty cycle is used. 
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electrical characteristics (— sv) (Notei) 


PARAMETER 

CONDITIONS 

MIN 

TYP 

MAX 

UNITS 

Output Voltage 

Tj = 25°C 

-8.3 

-8.0 

-7.7 

V 

Line Regulation (Note 2) 

Tj =25°C,-25V< V IN < -10.5V 


15 

40 

mV 

Load Regulation (Note 2) 

Tj = 25°C, 5 mA< Iqut < 1-5A 


70 

120 

mV 

Output Voltage 

-25V < V )N < -10.5V 

5 mA< Iout < 10A, P<15W 

-8.4 


“7.6 

V 

Quiescent Current 



1 

3 

mA 

Quiescent Current Change 

Tj = 25°C, -25V < V, N < -10.5V 


0.1 

0.5 

mA 


5 mA Iqut ^ 1.0 A 

I 

0.1 

0.5 

mA 

Output Noise Voltage 



250 


MV 

Long Term Stability 



15 


mV 


electrical characteristics (-i2V) (Note d 


PARAMETER 

CONDITIONS 

MIN 

TYP 

MAX 

UNITS 

Output Voltage 

Tj = 25°C 

-12.5 

-12 

-11.5 

V 

Line Regulation (Note 2) 

Tj = 25°C, -32V < V IN < -14.5V 


4 

24 

mV 

Load Regulation (Note 2) 

Tj = 25°C, 5 mA< Iqut < 1.0A 


40 

120 

mV 

Output Voltage 

-32V < V IN < -14.5V 

5mA<l OU T <1.0A,P<15W 

-12.6 


-11.4 

V 

Quiescent Current 



2 

4 

mA 

Quiescent Current Change 

Tj = 25°C, -32V < V, N < -14.5V 


0.1 

0.5 

mA 


5 m A < Iout ^ 1.0A 


0.1 

0.5 

mA 

Output Noise Voltage 

T a = 25°C, 10 Hz <f < 100 kHz 


400 


mv 

Long Term Stability 



25 


mV 


electrical characteristics <-i5V) (Note i) 


PARAMETER 

CONDITIONS 

MIN 

TYP 

MAX 

UNITS 

Output Voltage 

Tj = 25° C 

-15.6 

-15 

-14.4 

V 

Line Regulation (Note 2) 

Tj =25°C, -35V < V 1N < -17.5V 


5 

30 

mV 

Load Regulation (Note 2) 

Tj =25°C, 5 mA < Iqut < 1.0A 


50 

120 

mV 

Output Voltage 

-35V < V| N < -17.5V 

5 mA < Iqut < 1 .0A, P < 1 5W 

-15.7 


-14.3 

V 

Quiescent Current 



2 

4 

mA 

Quiescent Current Change 

Tj =25°C,-35V< V 1N < -17.5V 


0.1 

0.5 

mA 


5 mA < Iqut ^ 1 .0A 


0.1 

0.5 

mA 

Output Noise Voltage 



400 


mV 

Long Term Stability 



30 


mV 


Note 1: Unless otherwise specified, these specifications apply: 0°C < Tj < 125°C; Vj|\| = (VquT + 5V) and loUT = 5 mA. Although power 
dissipation is internally limited, electrical specifications apply only for power levels up to 15W. For calculations of junction temperature rise due 
to power dissipation, use a thermal resistance of 50°C/W (no heat sink). With an infinite heat sink, the thermal resistance is 5°C/W. 

Note 2: Regulation is measured at constant junction temperature. Changes in output voltage due to heating effects must be taken into account 
separately. To ensure constant junction temperature, pulse testing with a low duty cycle is used. 
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LM320T series 




LM320T series 


electrical characteristics msv) (Note i) 

PARAMETER 

CONDITIONS 

MIN 

TYP 

MAX 

UNITS 

Output Voltage 

Tj = 25° C 

-18.7 

-18 

-17.3 

V 

Line Regulation (Note 2) 

Tj = 25°C, -35V < V, N < -21 V 


8 

36 

mV 

Load Regulation (Note 2) 

Tj = 25°C, 5 mA < l OUT < 1 .OA 


50 

120 

mV 

Output Voltage 

-3.5V <V, N <-21 V 

5 mA <I OU t<1.0A, P<15W 

-18.9 


-17.1 

V 

Quiescent Current 



2 

4 

mA 

Quiescent Current Change 

Tj = 25°C, —35V < V 1N < -21 V 


0.1 

0.5 

mA 


5 mA < Iout ^ 1.0A 


0.1 

0.5 

mA 

Output Noise Voltage 

T a = 25°C, 1 0 Hz < f < 100 kHz 


500 


mV 

Long Term Stability 



35 


mV 

electrical characteristics (-24V) (Note i) 

PARAMETER 

CONDITIONS 

MIN 

TYP 

MAX 

UNITS 

Output Voltage 

Tj = 25°C 

-25 

-24 

-23 

V 

Line Regulation (Note 2) 

Tj = 25°C, -35V < V, N < -27V 


12 

50 

mV 

Load Regulation (Note 2) 

Tj =25°C, 5 mA < Iqut <1-0A 


50 

120 

mV 

Output Voltage 

-40V<V, n < —27V 

5 m A < 1 out < 1 OA, P < 1 5W 

-25.2 


-22.8 

V 

Quiescent Current 



2 

4 

mA 

Quiescent Current Change 

Tj = 25°C, -40V < V, N < -27V 


0.1 

0.5 

mA 


5 mA < Iqut — 1 - OA 


0.1 

0.5 

mA 

Output Noise Voltage 



700 


MV 

Long Term Stability 



50 

j 

mV 

Note 1: Unless otherwise specified, these specifications apply: 0°C < Tj < 125°C; V||\j = (VquT + 5V) and loUT = 5 mA. Although power 
dissipation is internally limited, electrical specifications apply only for power levels up to 15W. For calculations of junction temperature rise due 
to power dissipation, use a thermal resistance of 50°C/W (no heat sink). With an infinite heat sink, the thermal resistance is 5°C/W. 

Note 2: Regulation is measured at constant junction temperature. Changes in output voltage due to heating effects must be taken into account 

separately. To ensure constant junction temperature, pulse testing with a low duty cycle is used. 
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OUTPUT VOLTAGE (NORMALIZED) 


typical performance characteristics 


Output Voltage vs 
Temperature 



0 20 40 60 80 100 120 140 


Maximum Power Dissipation 


Minimum Input-Output 
Differential 




0 0.25 0.5 0.75 1.0 1.25 1.5 1.75 


JUNCTION TEMPERATURE (°C) 


AMBIENT TEMPERATURE (°C) 


LOAD CURRENT (AMPS) 



100 Ik 10k 100k 1M 10M 



100 Ik 10k 100k 1M 10M 


FREQUENCY (Hz) 


FREQUENCY (Hz) 


■ 


typical applications 



Load and line regulation <0.01% temperature stability <0.1% 

^Determines Zener current. May be adjusted to minimize temperature drift. 

^Solid tantalum. 

An LM320T-12 or LM320T-15 may be used to permit higher input voltages, but the 
regulated output voltage must be at least -15V when using the LM320T-12 and -18V 
for the LM320T-15. 

**Select resistors to set output voltage. 1 ppm/°C tracking suggested. 


High Stability 1 Amp Regulator 





LM320T series 


typical applications (con't) 



Current Source 




improves transient 
response and ripple 
rejection. Do not 
increase beyond 50pF 


Vout = V SET 


SELECT R2 AS FOLLOWS 
LM320T-5/5.2/6 300 
LM320T-8 470 

LM320T-12 750 

LM320T-15 Ik 

LM320T-18 1.2k 

LM320T-24 1.5k 




Variable Output 




Performance (Typical) 



(-15) 

(+15) 

Luad Regulation at A l L = 1 A 

40 mV 

2 mV 

Output Ripple, Cin = 3000a/ F, l L = 1 A 

100//Vrms 

100/uVrms 

Temperature Stability 

*50 mV 

*50 mV 

Output Noise 10 Hz < f < 10 kHz 

150pVrms 

150pVrms 


’Resistor tolerance of R4 and R5 determine matching of (+) and (-) outputs. 
’’Necessary only if raw supply filter capacitors are more than 2" from regulators. 


V our H 15V 


±15V, 1 Amp Tracking Regulators 
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typical applications (con't) 




Light Controllers Using Silicon Photo Cells 



'Required if regulator is separated from filter capacitor by For output capacitance in excess of 100/iF, a high current 

more than 3". For value given, capacitor must be solid diode from input to output (1N4001, etc.) will protect 

tantalum. 25pF aluminum electrolytic may be substituted. the regulator from momentary input shorts. 


^Required for stability. For value given, capacitor must be 
solid tantalum. 25pF aluminum electrolytic may be sub- 
stituted. Values given may be increased without limit 


Fixed Regulator 






LM123/LM223/LM323 



Voltage Regulators 


LM123/LM223/LM323 3 amp -5 volt positive regulator 
general description 


The LM123 is a three-terminal positive regulator 
with a preset 5V output and a load driving capa- 
bility of 3 amps. New circuit design and processing 
techniques are used to provide the high output 
current without sacrificing the regulation charac- 
teristics of lower current devices. 

The 3 amp regulator is virtually blowout proof. 
Current limiting, power limiting, and thermal 
shutdown provide the same high level of reliability 
obtained with these techniques in the LM109 
1 amp regulator. 

No external components are required for operation 
of the LM123. If the device is more than 4 inches 
from the filter capacitor, however, a 1 piF solid 
tantalum capacitor should be used on the input. 
A O.ljLtF or larger capacitor may be used on the 
output to reduce load transient spikes created by 
fast switching digital logic, or to swamp out stray 
load capacitance. 


An overall worst case specification for the combined 
effects of input voltage, load currents, ambient 
temperature, and power dissipation ensure that 
the LM123 will perform satisfactorily as a system 
element. 

Operation is guaranteed over the junction tempera- 
ture range -55°C to +150°C. An electrically 
identical LM223 operates from -25°C to +150°C 
and the LM323 is specified from 0°C to +125°C 
junction temperature. A hermetic TO-3 package is 
used for high reliability and low thermal resistance. 

features 

■ 3 amp output current 

■ Internal current and thermal limiting 

■ 0.01 n typical output impedance 

■ 7.5 minimum input voltage 

■ 30W power dissipation 


schematic diagram 



connection diagram 


typical applications 


TO-3 (K) 



BOTTOM VIEW 

Order Number LM123K, 
LM223K or LM323K 
See Package 18 


Basic 3 Amp Regulator 



— O v c 
tc L 

^ O.lnF 


+5V 


‘Required if LM123 is more than 4" from filter capacitor. 

^Regulator is stable with no load capacitor into resistive 

loads. 
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absolute maximum ratings 

Input Voltage 
Power Dissipation 

Operating Junction Temperature Range 
LM123 
LM223 
LM323 

Storage Temperature Range 

Lead Temperature (Soldering, 10 sec) 


20V 

Internally Limited 


-55°C to +1 50°C 
— 25°C to +1 50° C 
0°C to +125°C 
-65°C to +1 50°C 
300°C 


electrical characteristics (Notei) 


PARAMETER 


| LM123/LM223 . ] 

j LM323 




TYP 


MIN 

TYP 



Output Voltage 

Tj = 25° C 

V|n = 7.5V, lour = 0 

4.7 

5 

5.3 

4.8 

5 

5.2 

V 

Output Voltage 

7.5V ^ V )N ^ 15V 

0^ l OUT ^3A, P^30W 

4.6 


5.4 

4.75 


5.25 

V 

Line Regulation (Note 3) 

Tj = 25°C 

7.5V ^ V, N ^ 15V 


5 

25 


5 

25 

mV 

Load Regulation (Note 3) 

Tj - 25°C, V, N = 7.5V, 
0 ^I out ^3A 


25 

100 


25 

100 

mV 

Quiescent Current 

7.5V ^ V, N ^ 15V, 

0 ^ Iout ^ 3A 


12 

20 


12 

20 

mA 

Output Noise Voltage 

Tj = 25°C 

10 Hz<f^ 100 kHz 


40 



40 


pVrms 


Tj = 25°C 








Short Circuit Current Limit 

V IN = 15V 


3 

4.5 


3 

4.5 

A 


Vin = 7.5V 


4 

5 


4 

5 

A 

Long Term Stability 




35 



35 

mV 

Thermal Resistance Junction 
to Case (Note 2) 



2 



2 


°C/W 


Note 1: Unless otherwise noted, specifications apply for -55°C — Tj ^ +150°C for the LM123, -25°C — Tj ^ + 150° C for the 
LM223, and 0°C ^ Tj ^ +125°C for the LM323. Although power dissipation is internally limited, specifications apply only 
for P < 30W. 

Note 2: Without a heat sink, the thermal resistance of the TO-3 package is about 35°C/W. With a heat sink, the effective 
thermal resistance can only approach the specified values of 2°C/W, depending on the efficiency of the heat sink. 

Note 3: Load and line regulation are specified at constant junction temperature. Pulse testing is required with a pulse 
width ^ 1 ms and a duty cycle ^ 5%. 


typical applications (con't) 

Adjustable Output 5V — 10V 0.1% Regulation 
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LM123/LM223/LM323 







LM123/LM223/LM323 
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LM123/LM223/LM323 









LM125/LM225/LM325/LM325 





Voltage Regulators 


LM125/LM225/LM325/LM325A voltage regulators 


general description 

The LM125/LM225/LM325 and LM325A are dual 
polarity tracking regulators designed to provide 
balanced positive and negative output voltages at 
currents up to 100 mA. Internally, the device is 
set for ±15V outputs. Input voltages up to +30V 
can be used and there is provision for adjustable 
current limiting. The device is available in three 
package types to accommodate various power 
requirements and temperature ranges. 


features 

■ ±15V tracking outputs 

■ Output currents to 100 mA 

■ Output voltages balanced to within 1% (LM125, 
LM325A) 

■ Line and load regulation of 0.06% 

■ Internal thermal overload protection 

■ Standby current drain of 3 mA 

® Externally adjustable current limit 

■ Internal current limit 


schematic and connection diagrams 



® 0 


Dual-In-Line Package (N) 



Order Number LM325N 
or LM325AN 
See Package 22 

Dual-ln-Line Power Package (S) 



BOTTOM VIEW 

Order Number LM325S 
or LM325AS 
See Package 39 

Metal Can Package (H) 



Order Number LM125H, 
LM225H or LM325H 
See Package 13 




absolute maximum 

ratings operating conditions 


Input Voltage 

±30V Operating Temperature Range 



Forced Vq + (min) (Note 1) 

-0.5V LM125 


-55° C to +125°C 

Forced Vq - (max) (Note 1) 

+0.5V LM225 


— 25°C to +85° C 

Power Dissipation (Note 2) 

P MAX LM325, LM325A 

0°C to +70° C 

Output Short-Circuit Duration (Note 3) Indefinite Storage Temperature Range 

— 65°C to +1 50°C 


Lead Temperature (Soldering, 10 seconds) 

300° C 

electrical characteristics (Note 2) 





PARAMETER 

CONDITIONS 

MIN 

TYP 

MAX 

UNITS 

Output Voltage 

T, = 25°C 





LM125, LM225, LM325A 


14.8 

15 

15.2 

V 

LM325 


14.5 

15 

15.5 

V 

Input-Output Differential 


2.0 



V 

Line Regulation 

V, N = 18V to 30V, l L = 20 mA, 


2.0 

10 

mV 


T, = 25° C 





Line Regulation Over Temperature 

V IN - 18V to 30V, l L = 20 mA 


2.0 

20 

mV 

Range 






Load Regulation 

l L = 0to50 mA, V, N = ±30V, 





v 0 + 

Tj = 25° C 


3.0 

10 

mV 

Vo- 



5.0 

10 

mV 

Load Regulation Over Temperature 

l L = Oto 50 mA, V, N = ±30V 





Range 






V Q + 



4.0 

20 

mV 

Vo' 



7.0 

20 

mV 

Output Voltage Balance 

T, m 25° C 





LM125/LM225/LM325A 




±150 

mV 

LM325 




±300 

mV 

Output Voltage Over Temperature 

P Pmax / 0< In ‘■C 50 mA, 





Range 

18V < 1 V 1N 1 <30 





LM125/LM325A 


14.65 


15.35 

V 

LM225 


14.57 


15.43 

V 

LM325 


14.27 


15.73 

V 

Temperature Stability of V Q 



±0.3 


% 

Short Circuit Current Limit 

T, = 25° C 


260 


mA 

Output Noise Voltage 

T, = 25°C, BW = 100- 10 kHz 


150 


/tVrms 

Positive Standby Current 

T, - 25° C 


1.75 

3.0 

mA 

Negative Standby Current 

Tj = 25° C 


3.1 

5.0 

mA 

Long Term Stability 



0.2 


%/kHr 

Thermal Resistance Junction to 






Case (Note 4) 






LM125H, LM225H, LM325H 



45 


°C/W 

LM325AS, LM325S 



12 


°C/W 

Junction to Ambient 






LM325AN, LM325N 



150 


°C/W 

Note 1: See Definition of Terms. 






Note 2: Unless otherwise specified, these specifications apply for T; = — 55°C to +150°C on LM125, T; = 

-25° C to ±150°C on 

LM225, Tj = 0°C to +125°C on LM325A, T; = 0°C to +125°C on LM325, V|N = 

±20V, l L = 

0 mA. ImaX = ^O mA, P M AX = 

2.0W for the TO-5 H Package. I|\/1AX = 100 mA, P MAX = 5.0W for the DIP S Package. 1 m AX = 100 mA » P MAX = 

1 .0W for 

the DIP N Package. 






Note 3: If the junction temperature exceeds 150°C, the output short circuit duration is 60 seconds. 



Note 4: Without a heat sink, the thermal resistance junction to ambient of the TO-5 Package is about 150°C/W, while that of 

the S Package is approximately 55°C/W. With a heat sink, the effective thermal resistance can only approach the values 

specified, depending on the efficiency of the sink. 
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LM125/LM225/LM325/LM325A 



LM125/LM225/LM325/LM325A 


typical performance characteristics (V, N = ±20V P l L = 0 mA, Tj = 25°C, unless otherwise noted) 


Load Regulation 



LOAD CURRENT (mA) 


Regulator Dropout Voltage 



LOAD CURRENT (mA) 


Regulator Dropout Voltage 
for Negative Regulator 



LOAD CURRENT (mA) 


LM125 Maximum Average 
Power Dissipation vs 
Ambient Temperature 



-55 -25 0 +25 +50 +75 +100 +125 


LM225 Maximum Average 
Power Dissipation vs 
Ambient Temperature 



-25 0 +25 +50 +75 +100 


LM325A, LM325 Maximum 
Average Power Dissipation vs 
Ambient Temperature 



0 25 50 75 100 


T a - AMBIENT TEMPERATURE (°C) 


T a - AMBIENT TEMPERATURE (°C) 


T a - AMBIENT TEMPERATURE (°C) 


Current Limit Sense Voltage 
vs Temperature for Negative 
Regulator 



-50 -25 0 25 50 75 100 125 150 
JUNCTION TEMPERATURE (°C) 


Current Limit Sense Voltage 
vs Temperature for Positive 
Regulator 



-50 -25 0 25 50 75 100 125 150 

JUNCTION TEMPERATURE (°C) 


Standby Current Drain 


T a = -55°C 

1 

-su 

PPLY 



T a = +25°C- 

1 





Ta = 4 

125°C 







+ SUI 

>PLY 



— 










7 


T a = -55°C- 
T a =+25°C- 
T a = +125°C 



II 

= 0 


18 20 22 24 26 28 30 

INPUT VOLTAGE (+V) 


Load Transient Response 



Load Transient Response 
For Positive Regulator 



Line Transient Response 
For Positive Regulator 



TIME (1/is/DIV) 


TIME (WDIV) 


TIME (2ps/DIV) 
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typical performance characteristics (con't) 


Line Transient Response 
For Negative Regulator 


AV 1N = -20V TO -23 V 
l L = 10 mA III 


Peak Output Current vs 
Junction Temperature 


POSITIVE 
I REGULATOR 


NEGATIVE j_ 
REGULATOR 


-50 0 50 100 150 

JUNCTION TEMPERATURE (°C) 


Ripple Rejection 

[POT 

INPUT RIPPLE = 10 V P . 

V| N = +25V JljtjJJ- 

- 1 mm 

negative! my 

REGULATOR Mr “ 


— c l = i m f__ 

POSITIVE REGULATOR " 


1.0k 10k 100k 

FREQUENCY (Hz) 


Output Impedance vs 
Frequency 



SIS 

in 

III 

III 


C u = 1mFI] 

c L = o 0 


100 1.0k 10k 100k 1M 

FREQUENCY (Hz) 


typical applications 

(NOTE: Metal Can (H) packages shown. Short pins 6 and 7 on DIP (N) and 8 and 9 on Power DIP (S).) 


Basic Regulator' 


2.0 Amp Boosted Regulator With Current Limit 


F <P +'5V r 

| +v o °~ ►— V 

L ^ 



i 


Current limit sense voltage (see curve) 


tSolid tantalum. 

^Short pins 6 and 7 on DIP or 8 and 9 on power DIP. 

ttt RcL can be added to the basic regulator between pins 6 and 5, 1 and 2 to reduce current limit. 
'Required if regulator is located an appreciable distance from power supply filter. 

"Although no capacitor is needed for stability, it does help transient response. (If needed use 
IfiF electrolytic.) 

'"Although no capacitor is needed for stability, it does help transient response. (If needed use 
10/uF electrolytic.) 


1-45 


LM125/LM225/LM325/LM325A 



typical applications (con't) 

(NOTE: Metal Can (H) packages shown. Short pins 6 and 7 on DIP (N) and 8 and 9 on Power DIP (S).) 


Positive Current Dependent Simultaneous Current Limiting 



l CL + controls both sides of the regulator. 

Boosted Regulator With Foldback Current Limit 


R3 



Electronic Shutdown 



*Solid tantalum. 

t+ Short pins 6 and 7 on DIP or 8 and 9 on power DIP. 

"Required if regulator is located an appreciable distance from power supply filter. 
""Although no capacitor is needed for stability, it does help transient response. (If 
needed use 1/uF electrolytic.) 






Voltage Regulators 


LM126/LM226/LM326 voltage regulators 


general description 

The LM126/LM226 and LM326 are dual polarity 
tracking regulators designed to provide balanced 
positive and negative output voltages at currents 
up to 100 mA. Internally, the device is set for 
±12V outputs. Input voltages up to ±30V can be 
used and there is provision for adjustable current 
limiting. The device is available in three package 
types to accommodate various power requirements 
and temperature ranges. 

features 

■ ±12V tracking outputs 


■ Output currents to 100 mA 

■ Output voltage balanced to within 1% (LM126) 

■ Line and load regulation of 0.08% 

■ Internal thermal overload protection 

■ Standby current drain of 3 mA 

■ Externally adjustable current limit 

■ Internal current limit 

■ Specified to be compatible, worst case, with 
high threshold MOS 


schematic and connection diagrams 



Dual-ln-Line Package 



+ SENSE 

+CURREN 

LIMIT 


Order Number LM326N 
See Package 22 

Dual-ln-Line Power Package 



LIMIT 
- - SENSE 


Order Number LM326S 
See Package 39 


Metal Can Package 

GND 



-V IN 


TOP VIEW 

Note: Pin 5 connected to case. 

Order Number LM126H, 
LM226H or LM326H 
See Package 13 
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LM126/LM226/LM326 




LM126/LM226/LM326 


absolute maximum ratings 

Input Voltage 

Forced Vq + (Min) (Note 1) 

Forced Vq" (Max) (Note 1) 

Power Dissipation (Note 2) 

Output Short-Circuit Duration (Note 3) 
Operating Temperature Range 
LM126 
LM226 
LM326 

Storage Temperature Range 

Lead Temperature (Soldering, 10 seconds) 


±30V 
-0.5V 
+0.5V 
Internally Limited 
Indefinite 

~55°C to +1 25°C 
-25° C to +85° C 
0°C to +70°C 
— 65°C to +1 50°C 
300°C 


electrical characteristics (Note 2) 


PARAMETER 

CONDITIONS 

MIN 

TYP 

MAX 

UNITS 

Output Voltage 

T = 25°C 





LM126, LM226 


11.8 

12 

12.2 

V 

LM326 


11.5 


12.5 

V 

Input-Output Differential 


2.0 



V 

Line Regulation 

V, N = 15V to 30V 
l L =20 mA, Tj = 25°C 


2.0 

10 

mV 

Line Regulation Over Temperature Range 

V, N - 15V to 30V, l L =20 mA 


2.0 

20 

mV 

Load Regulation 

l L = 0 to 50 mA, V, N = ±30V, 





Vo" 

Tj = 25°C 


3.0 

10 

mV 

v Q " 



5.0 

10 

mV 

Load Regulation Over Temperature Range 

l L =0to 50 mA, V, N = ±30V 





Vo" 



4.0 

20 

mV 

Vo" 



7.0 

20 

mV 

Output Voltage Balance 

Tj = 25°C 





LM126, LM226 




±125 

mV 

LM326 




±250 

mV 

Output Voltage Over Temperature Range 

P P M A X ' 0 < l 0 < 50 mA 





LM126 

15V < IV| N 1 < 30V 

11.68 


12.32 

V 

LM226 


11.62 


12.38 

V 

LM326 


11.32 


12.68 

V 

Temperature Stability of V Q 



±0.3 


% 

Short Circuit Current Limit 

Tj = 25°C 


260 


mA 

Output Noise Voltage 

Tj = 25°C, BW = 100-10 kHz 


100 


juVrms 

Positive Standby Current 

Tj =25°C, l L =0 


1.75 

3.0 

mA 

Negative Standby Current 

Tj = 25°C, l L =0 


3.1 

5.0 

mA 

Long Term Stability 



0.2 


%/kHr 

Thermal Resistance Junction to Case (Note 4) 






LM1 26H/LM226H/LM326H 



45 


°C/W 

LM326S 



12 


°C/W 

Junction to Ambient LM326N 



150 


°C/W 


Note 1: See Definition of Terms. 

Note 2: Unless otherwise specified, these specifications apply for Tj = -55°C to +1 50° C on LM126, Tj =-25°C to+150°Con 
LM226, T: = 0°C to +125°C on LM326, V (N = ±20V, l L = 0 mA. ImaX = 100 mA * P MAX = 2.0W for the TO-5 H Package 
* M AX = 100 mA, p MAX = 5.0W for the DIP S Package. ImaX = 100 mA, p MAX = 1 >0W for the DIP N Package. 

Note 3: If the junction temperature exceeds 150°C the output short circuit duration is 60 seconds. 

Note 4: Without a heat sink, the thermal resistance of the TO-5 Package is about 150°C/W, while that of the S Package is 
approximately 55°C/W. With a heat sink, the effective thermal resistance can only approach the values specified, depending 
on the efficiency of the sink. 
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OUTPUT VOLTAGE DEVIATION (mV) CURRENT LIMIT SENSE VOLTAGE (V) P D W) OUTPUT VOLTAGE DEVIATION (mV) 


typical performance characteristics (V, N =±20V, l L =OmA, Tj=25°C, unless otherwise noted.) 


Load Regulation 


2.0 

4.0 

6.0 ■ Ti = +150°C 



20 40 60 

LOAD CURRENT (mA) 


Regulator Dropout Voltage 
for Positive Regulator 




T, 

+1 50° C 




2 

^+25° 

— 


2 















Regulator Dropout Voltage 
for Negative Regulator 



0 20 40 60 80 100 

LOAD CURRENT (mA) 


20 40 60 80 100 

LOAD CURRENT (mA) 


LM126 Maximum Average 
Power Dissipation vs 
Ambient Temperature 


LM226 Maximum Average 
Power Dissipation vs 
Ambient Temperature 


LM326 Maximum Average 
Power Dissipation vs 
Ambient Temperature 


[INFINITE HEATSINK 
T" TO-5 


_ I N FINITE HEAT SINK I 
(TO-5) 


- INFINITE HEAT SINK ~ 
-DIP POWER PACKAGE 

-iJfinitTh^at sink- 

/I 1 T0-5- 


-N0 HEATSINK- 
(T0-5)“ 


\N0 HEAT SINK I 
= DIP POWER PACKAGE! 


-NO HEAT SINK— 
-DIP AND TO-5 - 


-55 -25 0 +25 +50 +75 +100 +125 

T a - AMBIENT TEMPERATURE (°C) 


-25 0 +25 +50 +75 +100 

T a - AMBIENT TEMPERATURE (°C) 


- AMBIENT TEMPERATURE (°C) 


Current Limit Sense Voltage 
vs Temperature for Negative 
Regulator 



-50 -25 0 25 50 75 100 125 150 
JUNCTION TEMPERATURE (°C) 


Current Limit Sense Voltage 
vs Temperature for Positive 
Regulator 



-50 -25 0 25 50 75 100 125 150 

JUNCTION TEMPERATURE (°C) 


Standby Current Drain 


1 Lli 

T a = - 

-55°C 

Ta = -i 

25°C- 



Ta = + 

125°C 





nz 


LZ 

T a = - 
T a = + 

t a = 4 

-55°C- 

25°C- 

125°C 


20 22 24 26 28 30 

INPUT VOLTAGE (+V) 


Load Transient Response 


Al L = 0 - 10 mA 
POSITIVE REGULATOR 


Load Transient Response 



Line Transient Response 

AV, n = +20V TO +23 V 
l L = 10mA 

POSITIVE REGULATOR- 
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LM126/LM226/LM326 




LM126/LM226/LM326 


typical performance characteristics (con't) 


Line Transient Response 



TIME (15/ns/DIV) 


Peak Output Current vs 
Junction Temperature 



-50 0 50 100 150 


JUNCTION TEMPERATURE (°C) 



100 1.0k 10k 100k 1.0M 

FREQUENCY (Hz) 


Output I mpedance vs 
Frequency 



typical applications 

(NOTE: Metal Can (H) packages shown. Short pins 6 and 7 on DIP (N) and 8 and 9 on Power DIP (S).) 

Basic Regulator*** 2.0 Amp Boosted Regulation With Current Limit 



^Solid tantalum. 

^Short pins 6 and 7 on DIP or 8 and 9 on power DIP. 
tttR CL can be added to the basic regulator between pins 6 and 5, 1 and 2 to reduce current limit. 
*Required if regulator is located an appreciable distance from power supply filter. 

•‘Although no capacitor is needed for stability, it does help transient response. (If needed use 
1 /jF electrolytic.) 

***Although no capacitor is needed for stability, it does help transient response. (If needed use 
IOjuF electrolytic.) 
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typical applications (con't) 

(NOTE: Metal Can (H) packages shown. Short pins 6 and 7 on DIP (N) and 8 and 9 on Power DIP (S).) 


Positive Current Dependent Simultaneous Current Limiting 



VSENSE NEG + VpiODE 


Boosted Regulator With Foldback Current Limit 



Electronic Shutdown 



^Solid tantalum. 

ftShort pins 6 and 7 on DIP or 8 and 9 on power DIP. 

'Required if regulator is located an appreciable distance from power supply filter. 
"Although no capacitor is needed for stability, it does help transient response. (If 
needed use IjiF electrolytic.) 


1-51 


LM126/LM226/LM326 





LM127/LM227/ 



Voltage Regulators 


LM127/LM227/LM327 voltage regulators 


general description 


features 


The LM127/LM227 and LM327 are dual polarity track- 
ing regulators designed to provide balanced positive 
and negative output voltages at currents up to 100 mA. 
Internally, the device js set for +5V, -12V outputs. 
Input voltages up to ±30V can be used and there is 
provision for adjustable current limiting. The device is 
available in three package types to accommodate various 
power requirements and temperature ranges. 


■ +5V, -12V tracking outputs 

■ Output currents to 100 mA 

■ Specified to be compatible, worst case, with most MOS 

■ Internal thermal overload protection 

■ Standby current drain of 3 mA 

■ Externally adjustable current limit 

■ Internal current limit 


schematic and connection diagrams 



© ® 0 


© (ii 0 

© 0 
0 (14) [T| 


0 (ID 0 


© <6> 0 
© <71 0 


Dual-In-Line Package 


© <« 0 

© (5) 0 

© ») 0 


-CURRENT 5 
LIMIT 



Order Number LM327N 
See Package 22 


Dual-In-Line Power Package 



Order Number LM327S 
See Package 39 


Metal Can Package 



TOP VIEW 

Note: Pin 5 connected to case. 

Order Number LM127H, 
LM227H or LM327H 
See Package 13 
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absolute maximum ratings 

Input Voltage 

Forced V Q + (min) (Note 1) 

Forced V 0 ~ (max) (Note 1) 

Power Dissipation (Note 2) 

Output Short-Circuit Duration (Note 3) 
Operating Temperature Range 
LM127 
LM227 
LM327 

Storage Temperature Range 

Lead Temperature (Soldering, 10 seconds) 


±30V 

-0.5V 

+0.5V 

Internally Limited 
Indefinite 

-55°C to +125°C 
-25° C to +85°C 
0°C to +70°C 
-65°C to +1 50°C 
300°C 


electrical characteristics (Note 2) 


PARAMETER 

CONDITIONS 

MIN 

TYP 

MAX 

UNITS 

Output Voltage 

Tj = 25° C 





Vo + 


+4.8 

+5.0 

+5.2 

V 

Vo" 


-12.5 

-12 

-11.5 

V 

Input-Output Differential 


2.0 



V 

Line Regulation 

V + , N = +8.0V to +30V, 

V", N =-15V to -30V, 
l L = 20 mA, Tj = 25°C 


2.0 

15 

mV 

Line Regulation Over Temperature Range 

V + , N = +8.0V to +30V, 

V' IN = -1 5V to -30V, 


2.0 

30 

mV 


l L = 20 mA 





Load Regulation 

l L = 0 to 50 mA, 





Vo + 

V| N = ±30V, Tj = 25°C 


3.0 

10 

mV 

Vo' 

i 


5.0 

10 

mV 

Load Regulation Over Temperature Range 

l L =0to 50 mA, V, N = ±30V 





Vo + 



4.0 

20 

mV 

Vo~ 



7.0 

20 

mV 

Output Voltage 

P Pmax > 0 ^ lo ^ 50 mA, 





Vo + 

+8.0V < V + ]N < +30V, 

4.75 


5.25 

V 

Vo~ 

-30V<V~| N <— 15V 

-12.6 


-11.4 

V 

Temperature Stability 



±0.3 


% 

Short Circuit Current Limit 

Tj = 25°C 


260 


mA 

Output Noise Voltage 

Tj = 25°C, BW = 100 -10 kHz 





Vo + 



40 


juVrms 

Vo' 



100 


juVrms 

Positive Standby Current 

Tj = 25° C, l L = 0 


1.75 

3.0 

mA 

Negative Standby Current 

Tj = 25° C, l L = 0 


3.1 

5.0 

mA 

Long Term Stability 



0.2 


%/kHr 

Thermal Resistance Junction to Case (Note 4) 






LM127H, LM227H, LM327H 



45 


°C/W 

LM327S 



12 


°C/W 

Junction to Ambient, LM327N 



150 

1 


°C/W 


Note 1: See Definition of Terms. 

Note 2: Unless otherwise specified, these specifications apply for Tj = -55°C to +150°C on LM127, Tj = -25°C to +150°C on LM227, Tj = 0°C to 
+125°C on LM327, V||\| = ±20V, II = 0 mA. I MAX = 1 00 mA, P|\/|AX = 2.0W for the TO-5H Package, ImaX = 100 mA, PmaX = 5.0W for the 
DIP S Package. >MAX = 100 mA, PmaX = 1 0W for the DIP N Package, 

Note 3: If the junction temperature exceeds 150°C the output short circuit duration is 60 seconds. 

Note 4: Without a heat sink, the thermal resistance of the TO-5 Package is about 150°C/W, while that of the S Package is approximately 55°C/W. 
With a heat sink, the effective thermal resistance can only approach the values specified, depending on the efficiency of the sink. 
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LM127/LM 227/ LM 327 




LM127/LM227/LM327 


typical performance characteristics (v, N =±20v, i L = 0mA,T j = 25°c, unless otherwise noted.) 


Load Regulation 



LM127 Maximum Average 
Power Dissipation vs 
Ambient Temperature 



T a - AMBIENT TEMPERATURE ( C) 

Current Limit Sonse 
Voltage vs Temperature 
for Negative Regulator 

0.80 i 1 1 1 ; 1 1 1 1— 



“ 0.20 


-50 -25 0 25 50 75 100 125 150 
JUNCTION TEMPERATURE (°C) 


Regulator Dropout Voltage 
for Positive Regulator 



LOAD CURRENT (mA) 


LM227 Maximum Average 
Power Dissipation vs 
Ambient Temperature 


= 


r ' — - 

~ — 

~~ 

— 

— 











INFINITE HEATSINKl 



(TO-5 







V 

r 

-NO H 



zz=: 



(TO-5) 


— 








-25 0 <25 <50 <75 M00 

T A - AMBIENT TEMPERATURE I C> 


Current Limit Snnso 
Voltage vs Temperature 
for Positives Regulator 



JUNCTION TEMPERATURE <°C) 


Regulator Dropout Voltage 
for Negative Regulator 



LOAD CURRENT (mA) 


LM327 Maximum Average 
Power Dissipation vs 
Ambient Temperature 



0 75 50 75 100 


T A AMBIENT TEMPERATURE (°C) 


Standby Current Drain 


1 

T— 



- 

t a = - 

-55°C 

-su 

PPLY 








'r 





Ta=-* 

125°C 





_ 


+ su 

>PLY 

_ 










~A 

'S'' 



T a = -55° C- 
T a = +25°C- 
T a = +125°C 

17 / 


II 

= 0 


18 20 22 24 26 28 30 

INPUT VOLTAGE (±V) 


Load Transient Response 
for Positive Regulator 


Load Transient Response 
for Negative Regulator 


Line Transient Response 
for Positive Regulator 





TIME (2^/DIV) 


TIME (WDIV) 


TIME (2ms/DIV) 
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typical performance characteristics (con't) 


Line Transient Response 
for Negative Regulator 



Peak Output Current vs 
Junction Temperature 


POSITIVE 
I REGULATOR 


NEGATIVE (_ 
REGULATOR 


JUNCTION TEMPERATURE (°C) 


Ripple Rejection 

— i 1 1 nun — r i i mm — r 
_ „ l L = 10 mA 

S ° V, N = +25V 

g 10 "INPUT RIPPLE = 10 V P . 

p 20 l-UIIIHl I 1 11 111H 

< C L = 0 

5 30 ‘ c l = vf^?! 


Output Impedance vs 
Frequency 



100 1.0k 10k 100k 1.0M 

FREQUENCY (Hz) 


100 1.0k 10k 100k 1.0M 


typical applications 

(NOTE: Metal Can (H) packages shown. Short pins 6 and 7 on DIP (N) and 8 and 9 on Power DIP (S).) 


Basic Regulator r 


2.0 Amp Boosted Regulator with Current Limit 


I 1 1 


o— 

I +v 0 = +5.0V 

I 

I 



Current limit sense voltage (see curve) 


tSolid tantalum. 

ttShort pins 6 and 7 on DIP or 8 and 9 on power DIP. 

ttf R C L can be added to the basic regulator between pins 6 and 5, 1 and 2 to reduce current limit. 
*Required if regulator is located an appreciable distance from power supply filter. 

**Although no capacitor is needed for stability, it does help transient response. (If needed use 
1/uF electrolytic.) 

***Although no capacitor is needed for stability, it does help transient response. (If needed use 
10 /jF electrolytic.) 
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LM127/LM227/LM327 


typical applications (con't)' 

(NOTE: Metal Can (H) packages shown. Short pins 6 and 7 on DIP (N) and 8 and 9 on Power DIP (S).) 

Electronic Shutdown 



Boosted Regulator with Foldback Current Limit 


R3 

1.35k 



Positive Current Dependent Simultaneous Current Limiting 



""Although no capacitor is needed for stability, it does help transient response. (If 
needed use I^F electrolytic.) 


I CL controls both sides of the regulator. 
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Voltage Regulators 


LM145/LM245/LM345 negative three amp regulator 
general description 

The LM145 is a three-terminal negative regulator with a 
fixed output voltage of -5V or -5.2V, and up to 3A load 
current capability. This device needs only one external 
component— a compensation capacitor at the output, 
making it easy to apply. Worst case guarantees on output 
voltage deviation due to any combination of line, load 
or temperature variation assure satisfactory system 
operation. 

Exceptional effort has been made to make the LM145 
immune to overload conditions. The regulator has cur- 
rent limiting which is independent of temperature, 
combined with thermal overload protection. Internal 
current limiting protects against momentary faults while 
thermal shutdown prevents junction temperatures from 
exceeding safe limits during prolonged overloads. 

Although primarily intended for fixed output voltage 
applications, the LM145 may be programmed for higher 


schematic and connection diagrams 



TO-3 (K) 


INPUT 



Order Number LM145K, LM245K or LM345K 
See Package 18 


output voltages with a simple resistive divider. The low 
quiescent drain current of the device allows this tech- 
nique to be used with good regulation. 

The LM145 comes in a hermetic TO-3 package rated at 
25W. Two reduced temperature range parts, LM245 and 
LM345, are also available. 

features 

■ Output voltage accurate to better than ±2% 

■ Current limit constant with temperature 

■ Internal thermal shutdown protection 

■ Operates with input-output voltage differential of 2.8V 
at full rated load over full temperature range 

■ Regulation guaranteed with 25W power dissipation 

■ 3A output current guaranteed 

■ Only one external component needed 
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LM145/LM245/LM345 


absolute maximum ratings 


Input Voltage 

20V 

Input-Output Differential 

20V 

Power Dissipation 

Internally Limited 

Operating Junction Temperature Range 

LM145 

-55°C to +1 50°C 

LM245 

-25°C to +1 50° C 

LM345 

0°C to +125°C 

Storage Temperature Range 

-65° C to +150°C 

Lead Temperature (Soldering, 10 seconds) 

300°C 


electrical -characteristics (-5V&-5.2V) (Note i) 




| LIMITS j 


PARAMETER 

CONDITIONS 

| LM145/LM245 

| LM345 | 

UNITS 



MIN 

TYP 

MAX 

MIN 

TYP 

MAX 


Output Voltage 

Tj = 25 C, Iout = 5 mA, 




i 





5.0V 

V,n ="7.5 

-5.1 


-5.0 

-4.9 

-5.2 

-5.0 

-4.8 

V 

5.2V 


-5.3 


-5.2 

-5.1 

-5.4 

-5.2 

-5.0 

V 

Line Regulation (Note 2) 

Tj = 25° C 

-20V < V, N < -7.5V 



5 

15 


5 

25 

mV 

Load Regulation (Note 2) 

Tj = 25°C, V IN = -7.5V 

5 mA Iout ^ 3A 



30 

75 


30 

100 

mV 

Output Voltage 

-20V < V 1N < -7.8V 









5.0V 

5 mA ^ Iout ^ 3A 

-5.20 



-4.80 

-5.25 


-4.75 

V 

5.2V 

P < 25W 

-5.40 



-5.00 

-5.45 


-4.95 

V 


Tv/iin < Tj < Tmax 









Quiescent Current 

-20V < V, N < -7.5V 

5 mA ^ Iout ^ 3A 



1\0 

3.0 


1.0 

3.0 

mA 

Short Circuit Current 

V| N = -7.5V 



4 



4 

5.0 

A 


V IN = -20V 



2 



2 

3.5 

A 

Output Noise Voltage 

T a = 25°C, C L = 4.7/tF 



150 



150 


MV 


10 Hz<f < 100 kHz 




1 





Long Term Stability 




5 

50 


5 

50 

mV 

Thermal Resistance 

Junction to Case 




2 



2 


°C/W 


Note 1: Unless otherwise specified, these specifications apply: -55°C < Tj < +150°C for the LM145; -25°C <Tj < +150° C for the LM245 and 
0°C < Tj < +125°C for the LM345. V||\| = -7.5V and loUT = 5 mA - Although power dissipation is internally limited, electrical specifications apply 
only for power levels up to 25W. For calculations of junction temperature rise due to power dissipation, use a thermal resistance of 35°C/W for 
the TO-3 with no heat sink. With a heat sink, use 2°C/W for junction to case thermal resistance. 

Note 2: Regulation is measured at constant junction temperature. Changes in output voltage due to heating effects must be taken into account 
separately. To ensure constant junction temperature, pulse testing with a low duty cycle is used. 
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typical performance characteristics 


Maximum Average Power 
Dissipation for LM145, 
LM245 


Maximum Average Power 
Dissipation for LM345 




25 50 75 100 125 


25 50 75 100 125 


T a - AMBIENT TEMPERATURE (°C) 


T a - AMBIENT TEMPERATURE (°C) 


Output Impedance 



10 100 Ik 10k 100k 1M 10M 


f- FREQUENCY (Hz) 


Minimum Input-Output 
Voltage Differential 



1 2 3 

OUTPUT CURRENT (AMPS) 


Ripple Rejection 



100 Ik 10k 100k 1M 10M 

f- FREQUENCY (Hi) 

Output Voltage vs 
Temperature 



-50 0 50 100 150 


T- TEMPERATURE ( c C) 


typical applications 



'Select resistors to set output voltage. 1 ppm/°C 
tracking suggested. 

**C1 is not needed if power supply filter capacitor is within 3" of regulator. 
^Determines zener current. May be adjusted to 
minimize temperature drift. 
t^Solid tantalum. 

Load and line regulation < 0.01% 

Temperature drift < 0.001 %/°C 


5V£V + <25V 

(UNREGULATED) 

9 



**C1 is not needed if power supply filter capacitor is within 3” of regulator. 

^Keep C4 within 2" of LM345. Theie is no upper limit on C4 and unlimited capacitance can be 
added at extended distances from the regulator. 

**02 sets initial output voltage accuracy The LM1 13 is available in *5. * 2. and * 1% tolerance. 


— 2V ECL Termination Regulator 
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LM145/LM245/LM345 



LM145/LM245/LM345 


typical applications (con't) 



Dual 3 Amp Trimmed Supply 



^Required for stability. For value given, capacitor must be solid tantalum. 50 /jF 
aluminum electrolytic may be substituted. Values given may be increased with- 
out limit. 

•Reqiured if regulator is separated from filter capacitor. For value given, 
capacitor must be solid tantalum. 5fU*F aluminum electrolytic may be 
substituted. 

Fixed Regulator 



‘Optional. Improves transient y 0(JT = _ 5 y ( — * ^ j 

response and ripple rejection. \ RR / 


Variable Output (-5.0V to -15V) 
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Voltage Regulators 


LM340 series 3-terminal positive regulators 


general description 

The LM340-XX series of three terminal regulators 
is available with several fixed output voltages mak- 
ing them useful in a wide range of applications. 
One of these is local on card regulation, eliminat- 
ing the distribution problems associated with single 
point regulation. The voltages available allow these 
regulators to be used in logic systems, instrumenta- 
tion, HiFi, and other solid state electronic equip- 
ment. Although designed primarily as fixed voltage 
regulators these devices can be used with external 
components to obtain adjustable voltages and 
currents. 

The LM340-XX series is available in two power 
packages. Both the plastic TO-220 and metal 
TO-3 packages allow these regulators to deliver 
over 1.0A if adequate heat sinking is provided. 
Current limiting is included to limit the peak 
output current to a safe value. Safe area pro- 
tection for the output transistor is provided to 
limit internal power dissipation. If internal power 
dissipation becomes too high for the heat sinking 
provided, the thermal shutdown circuit takes over 
preventing the 1C from overheating. 


Considerable effort was expended to make the 
LM340-XX series of regulators easy to use and 
minimize the number of external components. It 
is not necessary to bypass the output, although 
this does improve transient response. Input by- 
passing is needed only if the regulator is located 
far from the filter capacitor of the power supply. 

features 

■ Output current in excess of 1 A 

■ Internal thermal overload protection 

■ No external components required 

■ Output transistor safe area protection 

■ Internal short circuit current limit 

■ Available in plastic TO-220 and metal TO-3 
packages 


voltage range 



LM340-05 5V 

LM340-1 5 

15V 

LM340-06 6V 

LM340-1 8 

18V 

LM340-08 8V 

LM340-1 2 12V 

LM340-24 

24V 


schematic and connection diagrams 



TO-220 (T) 



TOP VIEW 

Order Numbers: 
LM340T-5.0 LM340T-15 

LM340T-6.0 LM340T-18 

LM340T-8.0 LM340T-24 

LM340T-12 

See Package 26 


TO-3 (K) 



BOTTOM VIEW 


GNO 

( 3 ) 


Order Numbers: 
LM340K-5.0 LM340K-15 

LM340K-6.0 LM340K-18 

LM340K-8.0 LM340K-24 

LM340K-12 

See Package 18 
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LM340 Series 



LM340 Series 


absolute maximum ratings 

Input Voltage (V Q = 5V through 18V) 35V 

<V 0 = 24V) 40V 

Internal Power Dissipation (Note 1) Internally Limited 

Operating Temperature Range 0°C to 70°C 

Maximum Junction Temperature 

TO-3 Package 1 50° C 

TO-220 Package 150°C 

Storage Temperature Range -65°C to +1 50°C 

Lead Temperature 

TO-3 Package (Soldering, 10 sec) 300°C 

TO-220 Package (Soldering, 10 sec) 230°C 

electrical characteristics 

LM340-5 (V )N = 10V, Iqut = 500 mA, 0°C < T A < 70°C, unless otherwise specified) 

PARAMETER 

CONDITIONS 

MIN 

TYP 

MAX 

UNITS 

Output Voltage 

Tj = 25° C 

4.8 

5 

5.2 

V 

Line Regulation 

Tj = 25°C, 7 V^V, n ^25V 






Iqut = 100 mA 



50 

mV 


Iqut = 500 mA 



100 

mV 

Load Regulation 

Tj = 25°C, 5 mA ^ l OUT ^ 1.5A 



100 

mV 

Output Voltage 

7V ^ V IN 20V, 5 mA <[ I OU t ^ 1.0A 

4.75 


5.25 

V 


P d ^15W 





Quiescent Current 

Tj = 25°C 


7 

10 

mA 

Quiescent Current Change 

7V^V lN ^25V 



1.3 

mA 


5mA^l oux ^1.5A 



.5 

mA 

Output Noise Voltage 

T a = 25°C, 10 Hz ^ f ^ 100 kHz 


40 


MV 

Long Term Stability 




20 

mV/1000 hr 

Ripple Rejection 

f= 120 Hz 


60 


dB 

Dropout Voltage 

Tj = 25°C, Iqut = 1.0A 


2 


V 

LM340-6 (V| N = 11V, l OUT = 500 mA, 0°C < T A < 70°C, unless otherwise specified) 

PARAMETER 

CONDITIONS 

MIN 

TYP 

MAX 

UNITS 

Output Voltage 

Tj = 25°C 

5.75 

6 

6.25 

V 

Line Regulation 

T, = 25°C, 8V ^ V IN ^ 25V 






Iqut = 100 mA 



60 

mV 


Iqut = 500 mA 



120 

mV 

Load Regulation 

Tj = 25°C, 5 mA ^ I OU t ^ 1.5A 




mV , 

Output Voltage 

8V <£ V IN £ 21 V, 5 mA^ Iqut^ 1-0A 

5.7 


6.3 

V 


P D 15W 





Quiescent Current 

Tj = 25°C 


7 

10 

mA 

Quiescent Current Change 

8V £ V IN ^ 25V 



1.3 

mA 


5 mA ^ Iout ^ 1 -5 A 



.5 

mA 

Output Noise Voltage 

T a = 25°C, 10 Hz ^ f ^ 100 kHz 


45 


MV 

Long Term Stability 




24 

mV/1000 hr 

Ripple Rejection 

f= 120 Hz 


57 


dB 

Dropout Voltage 

Tj = 25°C, l OU T= 10A 


2 


V 

Note 1: Thermal resistance without a heat sink for junction to case temperature is 4°C/W for the TO-3 package and 4°C/W 

for the TO-220 package. Thermal resistance for case to ambient temperature is 35°C/W for the TO-3 package and 50°C/W for 

the TO-220 package. 
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electrical characteristics (con't) 





LM340-8 (V, N = 14V, I OU t = 

500 mA, 0°C < T A < 70°C, unless otherwise specified) 



PARAMETER 

CONDITIONS 

MIN 

TYP 

MAX 

UNITS 

Output Voltage 


Tj = 25°C 

7.7 

8 

8.3 

V 

Line Regulation 


Tj = 25°C, 10.5V ^ V, N ^ 25V 

Iqut = 1 00 mA 



80 

mV 



Iqut = 500 mA 



160 

mV 

Load Regulation 


Tj = 25°C, 5 mA <, Iqut ^ 1.5A 



160 

mV 

Output Voltage 


10.5V ^ V, N £ 23V, 5 mA ^ I OU t ^ 1.0A 

P D ^ 15W 

7.6 


8.4 

V 

Quiescent Current 


T, = 25°C 


7 

10 

mA 

Quiescent Current Change 


10.5V <, V, N ^ 25V 



1 

mA 



5 mA ^ Iqut ^ 1 .5A 



.5 

mA 

Output Noise Voltage 


T a = 25°C, 10 Hz ^ f ^ 100 kHz 


52 


MV 

Long Term Stability 





32 

mV/1000 hr 

Ripple Rejection 


f= 120 Hz 


55 


dB 

Dropout Voltage 


Tj = 25°C, Iqut = 1.0A 


2 


V 

LM340-12 (V )N = 19V, I OU t 

= 500 mA, 0°C < T a < 70°C, unless otherwise specified) 



PARAMETER 

CONDITIONS 

MIN 

TYP 

MAX 

UNITS 

Output Voltage 


Tj = 25°C 

11.5 

12 

12.5 

V 

Line Regulation 


Tj = 25°C, 14.5V ^V IN ^ 30V 

Iqut = 1 m A 



120 

mV 



Iqut “ 500 mA 



240 

mV 

Load Regulation 


Tj = 25°C, 5 mA ^ Iqut ^ 1-5A 



240 

mV 

Output Voltage 


14.5V^ V, N ^ 27V, 5 mA ^ Iqut ^ 10A 
P d ^15W 

11.4 


12.6 

V 

Quiescent Current 


Tj = 25°C 


7 

10 

mA 

Quiescent Current Change 


14.5V ^ V 1N ^ 30V 



1 

mA 



5 mA ^ Iout ^ 1 -5A 



.5 

mA 

Output Noise Voltage 


T A = 25°C, lOHz^f^ 100kHz 


75 


MV 

Long Term Stability 





48 

mV/1000 hr 

Ripple Rejection 


f = 120 Hz 


52 


dB 

Dropout Voltage 


Tj = 25°C, l OU T= 1.0A 


2 


V 

LM340-15 (V| N = 23 V, I OU t 

= 500 mA, 0°C < T a < 70°C, unless otherwise specified) 



PARAMETER 

CONDITIONS 

MIN 

TYP 

MAX 

UNITS 

Output Voltage 


^ = 25°C 

14.4 

15 

15.6 

V 

Line Regulation 


Tj = 25°C, 17.5V ^ V| N ^ 30V 

Iqut = 1 00 mA 



150 

mV 



Iqut = 500 mA 



300 

mV 

Load Regulation 


Tj = 25°C, 5 mA <, I OU t ^ 1.5A 



300 

mV 

Output Voltage 


1 7.5V £ V, N ^ 30V, 5 mA ^ I OU t ^ 1.0A 
P d ^15W 

14.25 


15.75 

V 

Quiescent Current 


Tj = 25°C 


7 

10 

mA 

Quiescent Current Change 


1 7.5V ^V, N ^ 30V 



1 

mA 



5 mA I out^ 1 -5 A 



.5 

mA 

Output Noise Voltage 


T a = 25°C, 10 Hz ^ f ^ 100 kHz 


90 


MV 

Long Term Stability 





60 

mV/1000 hr 

Ripple Rejection 


f = 120 Hz 


50 


dB 

Dropout Voltage 


Tj = 25°C, l OUT = 1.0A 


2 


V 
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LM340 Series 



LM340 Series 


electrical characteristics (con't) 

LM340-18 (V, N = 27 V, I OU t = 500 mA, 0°C < T A < 70°C, unless otherwise specified) 


PARAMETER 

CONDITIONS 

MIN 

TYP 

MAX 

UNITS 

Output Voltage 

T, = 25°C 

17.3 

18 

18.7 

V 

Line Regulation 

Tj = 25°C, 21 V ^ V (N <i 33V 

Iqut = 100 mA 



180 

mV 


Iqut = 500 mA 



360 

mV 

Load Regulation 

^ = 25°C, 5 mA £ l OUT ^ 1.0A 



360 

mV 

Output Voltage 

21 V ^ V IN £ 33V, 5 mA ^ l OUT <£ 1 ,0A 

P D ^15W 

17.1 


18.9 

V 

Quiescent Current 

Tj = 25°C 


7 

10 

mA 

Quiescent Current Change 

21V ^ V in ^33V 



1 

mA 


5 mA <> I 0 ut <[ 1.0A 



.5 

mA 

Output Noise Voltage 

T a = 25°C, 10 Hz ^ f ^ 100 kHz 


110 


mv 

Long Term Stability 




72 

mV/1000 hr 

Ripple Rejection 

f = 120 Hz 


48 


dB 

Dropout Voltage 

Tj = 25°C, l OUT = 1.0A 


2 


V 

LM340-24 (V| N = 33V, Iqut = 500 mA, 0°C < T A < 70°C, unless otherwise specified) 

PARAMETER 

CONDITIONS 

MIN 

TYP 

MAX 

UNITS 

Output Voltage 

T, = 25°C 

23 

24 

25 

V 

Line Regulation 

Tj = 25°C, 27V < V 1N £ 38V 

Iqut = 100 mA 



240 

mV 


Iout = 500 mA 



480 

mV 

Load Regulation 

Tj = 25°C, 5 mA ^ l OUT ^ 1.0A 



480 

mV 

Output Voltage 

27V < V IN < 38V, 5 mA < l OUT ^ 1.0A 

P D <15W 

22.8 


25.2 

V 

Quiescent Current 

T, = 25°C 


7 

10 

mA 

Quiescent Current Change 

27V < V IN < 38V 



1 

mA 


5 mA <, I 0 ut <1 1 -0A 



.5 

mA 

Output Noise Voltage 

T a = 25°C, 10 Hz < 100 kHz 


170 


mv 

Long Term Stability 




96 

mV/1000 hr 

Ripple Rejection 

f = 120 Hz 


44 


dB 

Dropout Voltage 

Tj = 25°C, l OUT = 10A 


2 


V 


typical performance characteristics 


Maximum Average Power 
Dissipation 


Maximum Average Power 
Dissipation 




0 15 30 45 60 

AMBIENT TEMPERATURE (°C) 


0 15 30 45 60 75 

AMBIENT TEMPERATURE (°C) 
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QUIESCENT CURRENT (mA) OUTPUT VOLTAGE (V) RIPPLE REJECTION (dB) OUTPUT CURRENT (A) 


typical performance characteristics (con't) 



0 5 10 15 20 25 30 

INPUT-OUTPUT DIFFERENTIAL (V) 


Ripple Rejection 











c 




' ^ 

« 






S 














AV in 

= 3V P . 

p 




Vout = 5V 
- Iout = 500 i 
T, = 25°C 

nA . 




1 





10 100 Ik 10k 

FREQUENCY (Hz) 


Ripple Rejection 


Dropout Voltage 


70 

60 

50 

40 

30 

0 5 10 15 20 25 





f = 120 

Hz 

3Vp. P - 
500 mA 




AViim 
Iout = 


• 


T, = 25° 

C 

PART 

# Vim 

• 



LM340-05 10V 
.LM340 06.11V 
LM340 08 14V 
-LM340-12-19V 
LM340-15 23V 
-LM340-18-27V 
LM340-24 33V 






. 









0 25 50 75 100 125 


OUTPUT VOLTAGE (V) 


JUNCTION TEMPERATURE (°C) 


Output Voltage 

(Normalized to IV at 25°C Tj) 



0 25 50 75 100 125 150 


Quiescent Current 



5 10 15 20 25 30 


JUNCTION TEMPERATURE (°C) 


INPUT VOLTAGE (V) 



0 25 50 75 100 125 150 

JUNCTION TEMPERATURE (°C) 


Output Impedance 


V| N = 10V 
V 0 ut = 5V 
Iout = 500 mA 
T a = 25°C 


100 Ik 10k 100k 

FREQUENCY (Hz) 




LM340 Series 


typical applications 


Fixed Output Regulator 



OUTPUT 


♦REQUIRED IF THE REGULATOR IS LOCATED FAR FROM THE POWER SUPPLY FILTER. 
♦♦ALTHOUGH NO OUTPUT CAPACITOR IS NEEDED FOR STABILITY, IT DOES HELP 
TRANSIENT RESPONSE. (IF NEEDED USE O.^F, CERAMIC, DISC.) 


Adjustable Output Regulator 



OUTPUT 


V OU t = 5V + (5V/R1 + Iq) R2 

5V/R1 > 3 l Q , LOAD REGULATION (L r ) * [(R1 + R2)/R1] (L r OF LM340-05) 


Current Regulator 


INPUT 



i - + i 

■out ~ + 'q 

AI q = 1.5 mA over line and load changes 


15V 5 Amp Regulator With Short Circuit Current Limit 


R1 



LOAD REGULATION: 1.1% FOR 0<I OUT <5A PULSED WITH 50 ms t ON . 

♦SOLID TANTALUM. 

NOTE 1: CURRENT SHARING BETWEEN THE LM340 and Q1 ALLOWS THE EXTENSION OF SHORT CIRCUIT 
CURRENT LIMIT, SAFE OPERATING AREA PROTECTION, AND (ASSUMING QI'S 0 jA IS ONE FORTH THE 
LM340'S 0 |A ) THERMAL SHUTDOWN PROTECTION. 

NOTE 2: FOR OPTIMUM CURRENT SHARING OVER TEMPERATURE D1 SHOULD BE MOUNTED TO THE 
SAME HEAT SINK AS Q1 SO THAT ITS JUNCTION TEMPERATURE TRACKS THAT OF Q1. 
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typical applications (con't) 


High Current Voltage Regulator 



tSOLID TANTALUM. “ 

NOTE: PASS TRANSISTOR NOT SHORT CIRCUIT PROTECTED. 


T a = 25 c C 

@V, N 10V,0A<I L <10A 
Load Regulation = 2 mV 
@ l L = 10A, 9V < Vim < 12V 
Line Regulation = 20 mV 


Electronic Shutdown Circuit 



Dual Power Supply 



♦SOLID TANTALUM. 

NOTE 1: IF THE START UP COMMON LOAD IS MORE THAN 600 mA, REPLACE D1 
WITH AN EQUIVALENT GERMANIUM DIODE. 
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LM341 series 


Voltage Regulators 




LM341 series three terminal positive regulators 


general description 

The LM341-XX series of three terminal regulators is 
available with several fixed output voltages making them 
useful in a wide range of applications. One of these is 
local on card regulation, eliminating the distribution 
problems associated with single point regulation. The 
voltages available allow these regulators to be used in 
logic systems, instrumentation, HiFi, and other solid 
state electronic equipment. Although designed primarily 
as fixed voltage regulators these devices can be used 
with external components to obtain adjustable voltages 
and currents. 

The LM341-XX series is available in the plastic TO-202 
package. This package allows these regulators to deliver 
over 0.5A if adequate heat sinking is provided. Even 
with over 0.5A of output current available the regulators 
are essentially blow-out proof. Current limiting is included 
to limit the peak output current to a safe value. Safe 
area protection for the output transistor is provided to 
limit internal power dissipation. If internal power dissi- 
pation becomes too high for the heat sinking provided, 
the thermal shutdown circuit takes over preventing the 
1C from overheating. 


Considerable effort was expended to make the LM341-XX 
series of regulators easy to use and minimize the number 
of external components. It is not necessary to bypass 
the output, although this does improve transient response. 
Input bypassing is needed only if the regulator is located 
far from the filter capacitor of the power supply. 

features 

■ Output current in excess of 0.5A 

■ Internal thermal overload protection 

■ No external components required 

■ Output transistor safe area protection 

■ Internal short circuit current limit 

■ Available in plastic TO-202 package 


voitage range 


LM 341-5.0 

5V 

LM 341-15 

15V 

LM341-6.0 

6V 

LM341-18 

18V 

LM341-8.0 

8V 

LM 34 1-24 

24V 

LM341-12 

12V 




schematic and connection diagrams 



TO-202 (P) 



GND 

FRONT VIEW 


Order Numbers 
LM341 P-5.0 LM341P-15 

LM341 P-6.0 LM341P-18 

LM341 P-8.0 LM341P-24 

LM341P-12 

See Package 37 
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absolute maximum ratings 

Input Voltage 

(V 0 =5V through 18V) 35V 

(V 0 = 24V) 40V 

Internal Power Dissipation (Note 1) Internally Limited 

Operating Temperature Range 0°Cto+70°C 

Maximum Junction Temperature +1 50°C 

Storage Temperature Range -65°C to +150°C 

Lead Temperature (Soldering, 10 seconds) +230° C 

electrical characteristics 

LM341-5.0 (V )N = 10V, Iqut = 500 mA, 0°C < T A < +70°C, unless otherwise specified) 

PARAMETER 

CONDITIONS 

MIN 

TYP 

MAX 

UNITS 

Output Voltage 

Tj = 25° C 

4.8 

5 

5.2 

V 

Line Regulation 

Tj = 25°C, 7.2V < V, N < 25V 






Iout = 500 mA 



100 

mV 


Iout = 1 mA 



50 

mV 

Load Regulation 

Tj = 25°C, 5 mA < I OU t < 0.5A 



100 

mV 

Output Voltage 

7.5V < V, N < 20V, 5 mA < l OU T < 0.5A, P D < 7.5W 

4.75 


5.25 

V 

Quiescent Current 

Tj = 25°C 


7 

10 

mA 

Quiescent Current Change 

Tj = 25°C, 7.5V < V, N < 25V 



1 

mA 


Tj = 25°C, 5 mA < Iqut < 0.5A 



0.5 

mA 

Output Noise Voltage 

T a = 25° C, 10 Hz < f < 100 kHz 


40 


/iV 

Long Term Stability 




20 

mV/1000 hr 

Ripple Rejection 

f = 1 20 Hz 


60 


dB 

Dropout Voltage 

Tj = 25°C, Iqut = 0.5A 


2 


V 

LM341-6.0 (V, N = 1 1 V, l OUT = 500 mA, 0°C < T A < +70°C, unless otherwise specified) 

PARAMETER 

CONDITIONS 

MIN 

TYP 

MAX 

UNITS 

Output Voltage 

Tj = 25° C 

5.75 

6 

6.25 

V 

Line Regulation 

Tj = 25°C, 8.3V < V 1N < 25 V 






Iout = 500 mA 



120 

mV 


Iout = 100 mA 



60 

mV 

Load Regulation 

Tj = 25°C, 5 mA < I OU t < 0.5A 



120 

mV 

Output Voltage 

8.6V < V IN < 21 V, 5 mA < I OU t 0.5A, P D < 7.5W 

5.7 


6.3 

V 

Quiescent Current 

Tj = 25°C 


7 

10 

mA 

Quiescent Current Change 

Tj = 25° C, 8.6V < V| N < 25V 



1 

mA 


Tj = 25°C, 5 mA < l OU T < 0.5A 



0.5 

mA 

Output Noise Voltage 

T a = 25° C, 10 Hz < f < 100 kHz 


45 


MV 

Long Term Stability 




24 

mV/1000 hr 

Ripple Rejection 

f = 120 Hz 


57 


dB 

Dropout Voltage 

Tj = 25°C, Iqut = 0.5A 


2 


V 

Note 1: Thermal resistance without a heat sink for junction to case temperature is 12°C/W for the TO-202 package. Thermal resistance for case to 

ambient temperature is 70°C/W for the TO-202 package. 
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LM341 series 


electrical characteristics (con't) 

LM341-8.0 (V| N = 14V, Iqut = 500 mA, 0°C<T A <+70°C, unless otherwise specified) 

PARAMETER 

CONDITIONS 

MIN 

TYP 

MAX 

UNITS 

Output Voltage 

Tj = 25° C 

7.7 

8 

8.3 

V 

Line Regulation 

Tj = 25°C, 10.3V <V, N <25 V 






Iout ~ 500 mA 



160 

mV 


Iout ~ 100 mA 



80 

mV 

Load Regulation 

Tj = 25°C, 5 mA < I OU t < 0.5A 



160 

mV 

Output Voltage 

10.6V < V, N < 23V, 5 mA < I OU t < 0.5A, P D < 7.5W 

7.6 


8.4 

V 

Quiescent Current 

Tj = 25°C 


7 

10 

mA 

Quiescent Current Change 

Tj = 25°C, 10.6V <V IN < 25V 



1 

mA 


Tj = 25°C, 5 mA < I OU t < 0.5A 



0.5 

mA 

Output Noise Voltage 

T a = 25°C, 10Hz<f< 100 kHz 


52 


MV 

Long Term Stability 




32 

mV/1000 hr 

Ripple Rejection 

f = 120 Hz 


55 


dB 

Dropout Voltage 

Tj = 25°C, Iqut = 0.5A 


2 


V 

LM341-12 (V| N = 19V, l OUT = 500 mA, 0°C < T A < +70° C, unless otherwise specified) 

PARAMETER 

CONDITIONS 

MIN 

TYP 

MAX 

UNITS 

Output Voltage 

Tj = 25° C 

11.5 

12 

12.5 

V 

Line Regulation 

Tj = 25°C, 14.5V < V| N < 30V 






Iqut = 500 mA 



240 

mV 


Iqut = 100 mA 



120 

mV 

Load Regulation 

Tj = 25° C, 5 mA < I OU t < 0.5A 



240 

mV 

Output Voltage 

14.8V < V | N < 27V, 5 mA < I OU t < 0.5A, P D < 7.5W 

11.4 


12.6 

V 

Quiescent Current 

Tj = 25° C 


7 

10 

mA 

Quiescent Current Change 

Tj = 25°C, 14.8V <V, N < 30V 



1 

mA 


Tj = 25°C, 5 mA < l OUT < 0.5A 



0.5 

mA 

Output Noise Voltage 

T A = 25°C, 10 Hz<f< 100kHz 


75 


MV 

Long Term Stability 




48 

mV/1000 hr 

Ripple Rejection 

f = 120 Hz 


52 


dB 

Dropout Voltage 

Tj = 25°C, l OUT =0.5A 


2 


V 

LM341-1 5 ( V| N = 23V, l OUT = 500 mA, 0°C < T A < +70° C, unless otherwise specified) 

PARAMETER 

CONDITIONS 

MIN 

TYP 

MAX 

UNITS 

Output Voltage 

Tj = 25° C 

14.4 

15 

15.6 

V 

Line Regulation 

T, = 25°C, 1 7.6V < V| N < 30V 






Iqut = 500 mA 



300 

mV 


Iqut = 100 mA 



150 

mV 

Load Regulation 

Tj = 25°C, 5 mA < l OUT < 0.5A 



300 

mV 

Output Voltage 

18V < V IN < 30V, 5 mA < I OU t < 0.5A, P D < 7.5W 

14.25 


15.75 

V 

Quiescent Current 

Tj = 25° C 


7 

10 

mA 

Quiescent Current Change 

Tj = 25°C, 18V < V, N < 30V 



1 

mA 


Tj = 25°C, 5 mA < I OU t < 0.5A 



0.5 

mA 

Output Noise Voltage 

T A = 25°C, 10 Hz < f < 100 kHz 


90 


mV 

Long Term Stability 




60 

mV/1000 hr 

Ripple Rejection 

f = 120 Hz 


50 


dB 

Dropout Voltage 

Tj = 25°C, Iqut = 0.5A 


2 


V 
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electrical characteristics (con't) 

LM341-18 (V )N = 27V, l OUT = 500 mA, 0°C < T A < +70°C, unless otherwise specified) 

PARAMETER CONDITIONS MIN V 

Output Voltage Tj = 25° C 17.3 1 

Line Regulation Tj = 25°C, 20.7V < V, N < 33V 

Iout = 500 mA 
Iout = 1 mA 

Load Regulation Tj = 25° C, 5 mA < Iqut < 0.5A 

Output Voltage 21 V < V IN < 33V, 5 mA < l OUT < 0.5A, P D < 7.5W 17.1 

Quiescent Current Tj = 25°C 7 

Quiescent Current Change Tj = 25°C, 21 V < V| N < 33V 

Tj = 25°C, 5 mA< Iqut <0.5A 

Output Noise Voltage T A = 25°C, 1 0 Hz < f < 1 00 kHz 1 

Long Term Stability 

Ripple Rejection f = 120 Hz A 

Dropout Voltage Tj = 25°C, Iqut = 0.5A 2 


MAX 

UNITS 

18.7 

V 

360 

mV 

180 

mV 

360 

mV 

18.9 

V 

10 

mA 

1 

mA 

0.5 

mA 


MV 

72 

mV/1000 hr 


dB 


V 


LM341-24 (V, N = 33V, Iqut = 500 mA, 0 C<T A <+70 C, unless otherwise specified) 
PARAMETER I CONDITIONS I MIN I TY 


PARAMETER 

Output Voltage 
Line Regulation 

Load Regulation 
Output Voltage 
Quiescent Current 
Quiescent Current Change 

Output Noise Voltage 
Long Term Stability 
Ripple Rejection 
Dropout Voltage 


Tj = 25 C 23 

Tj = 25°C, 27V <V, N < 38V 
Iout = 500 mA 
Iout = f 00 m A 

Tj = 25°C, 5 mA < I OU t < 0.5A 

27.3 < V, N < 38V, 5 mA < I OU t < 0.5A, P D < 7.5W 22.8 

Tj = 25° C 

Tj = 25°C, 27.3 < V| N < 38V 
Tj = 25°C, 5 mA < Iqut < 0-5A 

T a = 25°C, 10 Hz<f< 100 kHz 

f = 120 Hz 

Tj = 25°C, Iqut =0-5A 


MAX 

UNITS 

25 

V 

480 

mV 

240 

mV 

480 

mV 

25.2 

V 

10 

mA 

1 

mA 

0.5 

mA 


MV 

96 

mV/1000 hr 


dB 


V 


typical performance characteristics 


Maximum Average Power 
Dissipation 


Peak Output Current 




Ripple Rejection 
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LM341 series 






QUIESCENT CURRENT (mA) RIPPLE REJECTION (dB> 


typical performance characteristics (con't) 


Ripple Rejection 


f= 120 Hz | 

isV| N - 

•out = 

jvp.p 

500 mA 

T, = 25° 

C 



• 



• 






5 10 IS 20 25 

OUTPUT VOLTAGE (V) 


Dropout Voltage 



0 25 50 75 100 125 150 

JUNCTION TEMPERATURE (°C) 


Output Voltage (Normalized 
to IV at 25°C Ts) 


"V|N - Vout “ 5V 
Iqut = 20 mA 


0 25 50 75 100 125 150 

JUNCTION TEMPERATURE (°C) 


Quiescent Current 


Quiescent Current 


V out = 5V 
•out = 20 mA 
Tj = 25°C 
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INPUT VOLTAGE (V) 
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N 

\ 






















— 

< < 

2 2 

10V 

= 5V 




•out 

= 20 mA 





0 25 50 75 100 125 150 

JUNCTION TEMPERATURE <°C) 


Output Impedance 

:V,N = 10V |t:." e£: 

:v OU t = 5V 

j QUT = 500 mAl 



10 100 Ik 10k 100k 1M 

FREQUENCY (Hz) 


typical applications 


Current Regulator 



AI q = 1.5 mA over line and load changes 


Electronic Shutdown Circuit 



'Required if the regulator is located far from the power supply filter. 
"Heatsink Q1 and the LM341. 


Dual Power Supply 



High Input Voltage Regulator 


h-t-O Vqut * 15V 



Note 1 : Diodes D1 and D2 assure regulator startup into a common load regardless of the input 
voltage startup sequence. 
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typical applications (con't) 


Variable Output Regulator 


15V 1.5A Regulator with Short Circuit Current Limit 



"“Solid tantalum. 


R1 



POINT GND 


V 0UT = 15V 
AT 1.5A 


Load Regulation: 0.8% for 0 < l 0UT < 1 ,5A pulsed with 50 ms t 0N . 

•Solid tantalum. 

Note 1 : Current sharing between the LM341 and Q1 allows the extension of short circuit 
current limit, safe operating area protection, and (assuming Q1 's 0, A is one half the 
LM341’s 0 , A ) thermal shutdown protection. 

Note 2: For optimum current sharing over temperature D1 should be mounted to the 
same heat sink as Q1 so that its junction temperature tracks that of Q1. 


Fixed Output Regulator 



•Required if the regulator is located far from the power supply filter. 
••Although no output capacitor is needed for stability, it does help transient 
response. (If needed use O.IjjF, ceramic disc.) 


Adjustable Output Regulator 



Vout = 5V + (5V/R1 + l Q ) R2 

5V/R1 > 3 l Q , Load Regulation (L r ) % [(R1 + R2)/R1] (L r of LM341P-05) 


High Voltage Short Circuit Protected Regulator 



**Heat sink Q1. 

'•Since the LM341 will not sink current the regulator should have a minimum load 
to sink the standby current through R1 R2. 

'•An output short circuit will cause Q1 to drop the input voltage of the regulator and 
limit the regulator's power dissipation. The regulator will start again under load 
after removal of the short circuit. 


Switching Regulator 


Variable Output Regulator 0.5V — 18V 




•Solid tantalum. RZ = 0.5n, f =* 45 kHz, RIPPLE a 17 mW 

••Needed for stability. R2 = in, f ^ 25 kHz, RIPPLE =* 35 mW 

•••Heatsink Q1. LOAD = 500mA 


•Solid tantalum. 


Vout = V G + 5V, R1 = (-Vin/Iquvum,) 

Vout = 5V (R2/R4) for (R2 + R3) = (R4 + R5) 

A 0.5V output will correspond to (R2/R4) = 0.1, (R3/R4) = 0.9 
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LM341 series 





LM342 series 


Voltage Regulators 

LM342 series three terminal positive regulators 
general description 



The LM342-XX series of three terminal regulators is 
available with several fixed output voltages making them 
useful in a wide range of applications. One of these is 
local on card regulation, eliminating the distribution 
problems associated with single point regulation. The 
voltages available allow these regulators to be used in 
logic systems, instrumentation. Hi Fi, and other solid 
state electronic equipment. Although designed primarily 
as fixed voltage regulators these devices can be used 
with external components to obtain adjustable voltages 
and currents. 

The LM342-XX series is available in the plastic TO-202 
package. This package allows these regulators to deliver 
over 0.2A if adequate heat sinking is provided. Even 
with over 0.2A of output current available the regulators 
are essentially blow-out proof. Current limiting is included 
to limit the peak output current to a safe value. Safe 
area protection for the output transistor is provided to 
limit internal power dissipation. If internal power dissi- 
pation becomes too high for the heat sinking provided, 
the thermal shutdown circuit takes over preventing the 
1C from overheating. 


Considerable effort was expended to make the LM342-XX 
series of regulators easy to use and minimize the number 
of external components. It is not necessary to bypass 
the output, although this does improve transient response. 
Input bypassing is needed only if the regulator is located 
far from the filter capacitor of the power supply. 

featu res 

■ Output current in excess of 0.2A 

■ Internal thermal overload protection 

■ No external components required 

■ Output transistor safe area protection 

■ Internal short circuit current limit 

■ Available in plastic TO-202 package 


voltage range 


LM342-5.0 

5V 

LM342-1 2 

12V 

LM342-6.0 

6V 

LM342-1 5 

15V 

LM342-8.0 

8V 

LM342-18 

18V 

LM342-10 

10V 

LM342-24 

24V 


schematic and connection diagrams 



TO-202 (P) 


O 


n T 


*— GND 
FRONT VIEW 


Order Numbers: 
LM342P-5.0 LM342P-12 

LM342P-6.0 LM343P-15 

LM342P-8.0 LM342P-18 

LM342P-10 LM342P-24 

See Package 37 
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absolute maximum ratings 

Input Voltage 
V 0 = 5V to 8V 
V 0 = 10V to 18V 
V 0 = 24V 

Internal Power Dissipation (Note 1) 

Operating Temperature Range 
Maximum Junction Temperature 
Storage Temperature Range 
Metal Can Package .(H) 

Molded TO-202 Package (P) 

Lead Temperature (Soldering, 10 seconds) 


30V 

35V 

40V 

Internally Limited 
0°C to +70°C 
150°C 

-65°C to +1 50°C 
~55°C to +1 50°C 
300°C 


electrical characteristics 

LM342-5 V )N = 10V, I Q ut = 200 mA, 0°C < T A < 70°C, unless otherwise specified. (Note 2) 


PARAMETER 

CONDITIONS 

MIN 

TYP 

MAX 

UNITS 

Output Voltage 

Tj = 25°C 

4.8 

5.0 

5.2 

V 

Line Regulation 

Tj = 25°C, 7.5 < V, N < 25V 



100 

mV 

Load Regulation 

Tj = 25°C, 1 mA < I 0 ut < 200 mA 



100 

mV 

Output Voltage 

8V < V, N < 20V, 1 mA < I OU t < 200 mA 

4.75 


5.25 

V 

Quiescent Current 

Tj = 25°C 



6 

mA 

Quiescent Current Change 

Tj = 25°C, 7.5V <V, N < 25V 



1.5 

mA 


Tj = 25°C, 1 mA < I OU t < 200 mA 



0.5 

mA 

Output Noise Voltage 

T a = 25°C, 10 Hz < f < 10 kHz 


40 


MV 

Long Term Stability 



20 


mV/1000 hr 

Ripple Rejection 

f = 120 Hz 

45 

60 


dB 

Dropout Voltage 

Tj = 25°C 


2 


V 


LM342-6 V| N = 1 1V, l OUT = 200 mA, 0°C < T A < 70°C, unless otherwise specified. (Note 2) 


PARAMETER 

CONDITIONS 

MIN 

TYP 

MAX 

UNITS 

Output Voltage 

Tj = 25°C 

5.75 

6 

6.25 

V 

Line Regulation 

^ = 25°C, 8.5V < V IN < 25V 



120 

mV 

Load Regulation 

Tj = 25°C, 1 mA < I OU t < 200 mA 



120 

mV 

Output Voltage 

9V < V, N < 21V, 1 mA< Iqut <200 mA 

5.7 


6.3 

V 

Quiescent Current 

Tj = 25°C 



6 

mA 

Quiescent Current Change 

Tj = 25°C, 8.5V < V 1N < 25V 



1.5 

mA 


Tj = 25°C, 1 mA < I OU t < 200 mA 



0.5 

mA 

Output Noise Voltage 

T a = 25°C, 10 Hz<f< 10 kHz 


48 


juV 

Long Term Stability 



24 


mV/1000 hr 

Ripple Rejection 

f = 120 Hz 

43 

59 


dB 

Dropout Voltage 

Tj = 25° C 


2 


V 


Note 1: Thermal resistance of the Metal Can Package (H) without a heat sink is 40°C/W junction to case and 140°C/W junction to ambient. 
Thermal resistance of the TO-202 Package (P) without a heat sink is 12°C/W junction to case and 80°C/W junction to ambient. 

Note 2: The maximum steady state usable output current and input voltage are very dependent on the heat sinking. The electrical characteristics 
data represent pulse test conditions with junction temperatures as shown at the initiation of tests. 
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LM342 series 


electrical characteristics (con't) 

LM342-8 V| N = 14V, l OUT = 200 mA, 0°C < T A < 70°C, unless otherwise specified. (Note 2) 

PARAMETER 

CONDITIONS 

MIN 

TYP 

MAX 

UNITS 

Output Voltage 

Tj = 25° C 

7.7 

8 

8.3 

V 

Line Regulation 

Tj = 25°C, 1 1 V < V| N < 25V 



160 

mV 

Load Regulation 

Tj = 25°C, 1 mA < I OU t < 200 mA 



160 

mV 

Output Voltage 

1 1 .5V < V, N < 23 V, 1 mA < I OU t < 200 mA 

7.6 


8.4 

V 

Quiescent Current 

Tj = 25°C 



6 

mA 

Quiescent Current Change 

Tj = 25°C, 1 1 V < V, N < 25V 



1.5 

mA 


Tj = 25°C, 1 mA < I OU t < 200 mA 



0.5 

mA 

Output Noise Voltage 

T a = 25°C, 10 Hz<f < 10 kHz 


64 


juV 

Long Term Stability 



32 


mV/1000 hr 

Ripple Rejection 

f = 120 Hz 

39 

57 


dB 

Dropout Voltage 

Tj = 25° C 


2 


V 

LM342-10 V| N =16V, l OUT = 200 mA, 0°C<T A <70°C, unless otherwise specified. (Note 2) 

PARAMETER 

CONDITIONS 

MIN 

TYP 

MAX 

UNITS 

Output Voltage 

Tj = 25° C 

9.6 

10 

10.4 

V 

Line Regulation 

Tj = 25°C, 13V < V tN < 25V 



200 

mV 

Load Regulation 

Tj = 25°C, 1 mA < l QUT < 200 mA 



200 

mV 

Output Voltage 

13.5V < V| N < 25V, 1 mA < I OU t < 20 mA 

9.5 


10.5 

V 

Quiescent Current 

Tj = 25° C 



6 

mA 

Quiescent Current Change 

Tj = 25°C, 13V < V )N < 25V 



1.5 

mA 


Tj = 25°C, 1 mA < I OU t < 200 mA 



0.5 

mA 

Output Noise Voltage 

Ta = 25°C, 10 Hz < f < 10 kHz 


80 


MV 

Long Term Stability 



40 


mV/1000 hr 

Ripple Rejection 

f = 120 Hz 

36 

55 


dB 

Dropout Voltage 

Tj = 25° C 


2 


V 

LM342-12 V )N = 19V, Iqut = 200 mA, 0°C < T A < 70°C, unless otherwise specified. (Note 2) 

PARAMETER 

CONDITIONS 

MIN 

TYP 

MAX 

UNITS 

Output Voltage 

Tj = 25°C 

11.5 

12 

12.5 

V 

Line Regulation 

Tj = 25°C, 15V < V, N < 30V 



240 

mV 

Load Regulation 

Tj = 25°C, 1 mA < I OU t < 200 mA 



240 

mV 

Output Voltage 

15.5V <V, N < 27V, 1 mA< Iqut < 200 mA 

11.4 


12.6 

V 

Quiescent Current 

Tj = 25° C 



6 

mA 

Quiescent Current Change 

Tj = 25°C, 1 5V < V IN < 30V 



1.5 

mA 


Tj = 25°C, 1 mA < Iqut < 200 mA 



0.5 

mA 

Output Noise Voltage 

T A = 25°C, 10 Hz<f < 10 kHz 


96 


juV 

Long Term Stability 



48 


mV/1000 hr 

Ripple Rejection 

f = 120 Hz 

36 

54 


dB 

Dropout Voltage 

Tj = 25° C 


2 


V 
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electrical characteristics (corTt) 

LM342-15 V| N = 23 V, I Q ut = 200 mA, 0°C < T A < 70°C, unless otherwise specified. (Note 2) 

PARAMETER 

CONDITIONS 

MIN 

TYP 

MAX 

UNITS 

Output Voltage 

Tj = 25°C 

14.4 

15 

15.6 

V 

Line Regulation 

Tj = 25°C, 18V < V, N < 30V 



300 

mV 

Load Regulation 

Tj = 25°C, 1 mA < l OU x < 200 mA 



300 

mV 

Output Voltage 

1 8.5V < V, N < 30V, 1 mA < Iqut < 200 mA 

14.25 


15.75 

V 

Quiescent Current 

Tj = 25° C 



6 

mA 

Quiescent Current Change 

Tj = 25°C, 18V < V IN < 30V 



1.5 

mA 


Tj = 25°C, 1 mA < I OU t < 200 mA 



0.5 

mA 

Output Noise Voltage 

T a = 25°C, 10 Hz <f < 10 kHz 


120 


MV 

Long Term Stability 



60 


mV/1000 hr 

Ripple Rejection 

f = 120 Hz 

32 

51 


dB 

Dropout Voltage 

Tj = 25°C 


2 


V 

LM342-18 V| N = 27V, Iqut = 200 mA, 0°C <T A <70°C, unless otherwise specified. (Note 2) 

PARAMETER 

CONDITIONS 

MIN 

TYP 

MAX 

UNITS 

Output Voltage 

Tj = 25°C 

17.3 

18 

18.7 

V 

Line Regulation 

Tj = 25°C, 21 V< V, N < 33V 



360 

mV 

Load Regulation 

Tj = 25°C, 1 mA < I OU t < 200 mA 



360 

mV 

Output Voltage 

22 V < V, N < 33V, 1 mA < l OUT < 200 mA 

17.1 


18.9 

V 

Quiescent Current 

Tj = 25°C 



6 

mA 

Quiescent Current Change 

Tj = 25°C, 21 < V, N < 33V 



1.5 

mA 


Tj = 25°C, 1 mA < I OU t < 200 mA 



0.5 

mA 

Output Noise Voltage 

T a = 25° C, 10 Hz<f < 10 kHz 


150 


MV 

Long Term Stability 



72 


mV/1000 hr 

Ripple Rejection 

f = 120 Hz 

31 

48 


dB 

Dropout Voltage 

T, = 25°C 


2 


V 

LM342-24 V, N = 33, I OU t 

= 200 mA, 0°C < T a < 70°C, unless otherwise specified. (Note 2) 



PARAMETER 

CONDITIONS 

MIN 

TYP 

MAX 

UNITS 

Output Voltage 

Tj = 25° C 

23 

24 

25 

V 

Line Regulation 

Tj = 25°C, 27.2V < V IN < 38V 



480 

mV 

Load Regulation 

Tj = 25°C, 1 mA < Iqut < 200 mA 



480 

mV 

Output Voltage 

28V < V tN < 38V, 1 mA < Iqut < 200 mA 

22.8 


25.2 

V 

Quiescent Current 

Tj = 25°C 



6 

mA 

Quiescent Current Change 

T, = 25°C, 27.2V <V IN < 38V 



1.5 

mA 


Tj = 25°C, 1 mA < f < 200 mA 



0.5 

mA 

Output Noise Voltage 

T a = 25°C, 10 Hz<f < 10 kHz 


190 


MV 

Long Term Stability 



96 



Ripple Rejection 

f = 120 Hz 

27 

45 


dB 

Dropout Voltage 

T, = 25° C 


2 


V 
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LM376 



Voltage Regulators 


LM376 voltage regulator 
general description 

The LM376 is a positive voltage regulator designed 
primarily for commercial product applications. The 
device is especially useful because it is packaged in 
an 8-pin mini-DIP which has the advantage of 
reduced size and low cost. Used independently, 
the device will supply 25 mA; but with the addi- 
tion of external pass elements any desired load 
current can be achieved. The circuit features ex- 
tremely low standby current drain, and provision 


is made for either linear or foldback current 
limiting. Important characteristics of the LM376 
are: 


■ Output voltage range 

■ Output current 

■ Load regulation 

■ Line regulation 


+5V to 37V 
25 mA 
0 . 2 % 
0.03%/V 


simplified schematic and connection diagrams 



DuaMn-Line Package 


CURRENT LIMIT 


BOOSTER 

OUTPUT 


UNREG 

INPUT 


GROUND 



TOP VIEW 


REGULATED 

OUTPUT 


COMPENSATION 


FEEDBACK 


REFERENCE 

BVPASS 


Order Number LM376N 
See Package 20 


typical applications 


Basic Positive Regulator with Current Limiting 



1.0A Regulator with Protective Diodes 


02* 

UTR3305 



Linear Regulator with Foldback Current Limiting 


R4 
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absolute maximum ratings 




Input Voltage 


40V 



Input-Output Voltage Differential 

40V 



Power Dissipation (Note 1) 


400 mW 



Operating Temperature Range 

0 

°C to 70°C 



Storage Temperature Range 

-65 C to +150 C 



Lead Temperature (Soldering, 10 sec) 

300°C 



electrical characteristics (Note 2) 




PARAMETER 

CONDITIONS 

MIN 

TYP 

MAX 

UNITS 

Input Voltage Range 


9.0 


40 

V 

Output Voltage Range 


5.0 


37 

V 

Output-Input Voltage 


3.0 


30 

V 

Differential 






Load Regulation 

0< l Q < 25 mA 






R sc = o n, T a = 25°C 



0.2 

% 


R sc = 0 12, T a = 70°C 



0.5 

% 


Rsc = 012, T a = 0 C 



0.5 

% 

Line Regulation 

T a = 25°C 



.03 

%/v 





.1 

%/v 

Ripple Rejection 

f= 120 Hz, T a = 25°C 



0.1 

%/v 

Standby Current Drain 

V, N = 30V, T a = 25°C 



2.5 

mA 

Reference Voltage 


1.60 

1.72 

1.80 

V 

Current Limit Sense Voltage 



.360 


V 

Note 1: For operating at elevated temperatures, the device must be derated based 



on a 100°C maximum junction temperature and a thermal resistance of 187 C/W 



junction to ambient. 





Note 2: These specifications apply for an operating temperature between 0 C 



and 70 . 
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STANDBY CURRENT (mA) INPUT VOLTAGE (V) OUTPUT VOLTAGE DEVIATION {%) 


typical performance characteristics 


Load Regulation 


Current Limiting Characteristics 


Current Limit Sense Voltage 





10 20 
LOAD CURRENT (mA) 


15 20 25 30 

OUTPUT CURRENT (mA) 


1 1 

-lo ^ 5 mA- 
1 1 










*55 
















0 25 50 70 

AMBIENT TEMPERATURE (°C) 


Minimum Input Voltage 


Regulator Dropout Voltage 


Optimum Divider Resistance 




_ 













l L = 

20mA\ 





ZT 

















zc 

6 



l L = 

10mA/ 

7 _ 


□ 

p 

5 mA ^ 

i 


□ 

□ 

_ 

L_ 

□ 



AMBIENT TEMPERATURE (°C) 


0 25 50 70 

AMBIENT TEMPERATURE (°C) 


R, = 1.11 V 0 Kn 

„ 1.72 x R-i 

- - R 2 = v 0 — 1.72 


10 15 20 25 30 35 

OUTPUT VOLTAGE (V) 


Standby Current Drain 
T a = 25° C 



Supply Voltage Rejection 


. V 0 ut = 10V_ 
T a = 25°C 
120 Hz ~ 
' Cref = 0 ~ 


10 15 20 25 30 35 40 

INPUT VOLTAGE (V) 


Transient Response 




■ 1 




£ _ 



R IC ■ 

av in 

1012 
= 5V 


Vqut 

= 10V 

— 

C u = 0 


....c u = i 

pF 

_L 

... 

r_ 

pm 

LOAD 

t 

LI 

1 


Rsc = 10n 

l FU = 20 mA 
l NL = 1.0 mA 
Vqut = 10V 


5 10 15 20 25 30 

INPUT-OUTPUT VOLTAGE DIFFERENTIAL (V) 
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Voltage Regulators 


LM723/LM723C voltage regulator 


general description 

The LM723/LM723C is a voltage regulator design- 
ed primarily for series regulator applications. By 
itself, it will supply output currents up to 150 mA; 
but external transistors can be added to provide 
any desired load current. The circuit features ex- 
tremely low standby current drain, and provision 
is made for either linear or foldback current limit- 
ing. Important characteristics are: 

■ 150 mA output current without external pass 


Output currents in excess of 10A possible by 
adding external transistors 


schematic and connection diagrams * 


■ Input voltage 40V max 

■ Output voltage adjustable from 2V to 37V 

■ Can be used as either a linear or a switching 
regulator. 

The LM723/LM723C is also useful in a wide range 
of other applications such as a shunt regulator, a 
current regulator or a temperature controller. 

The LM723C is identical to the LM723 except 
that the LM723C has its performance guaranteed 
over a 0°C to 70°C temperature range, instead of 
-55° C to +1 25°C. 


Dual-In-Line Package 




1 


Order Number LM 723D or LM723CD 
See Package 1 

Order Number LM723N or LM723CN 
See Package 22 

Metal Can Package 



Order Number LM723H or LM723CH 
See Package 13 


equivalent circuit' 



*Pin numbers to metal can package only Note 7. 
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LM723/LM723C 





LM723/LM723C 


absolute maximum ratings 








Pulse Voltage from V + to V" (50 ms) 50V 








Continuous Voltage from V + to V 

40V 








Input-Output Voltage Differential 

40V 








Maximum Amplifier Input Voltage (Either Input) 7.5V 

Maximum Amplifier Input Voltage (Differential) 5V 








Current from V z 

25 mA 








Current from V REF 

15 mA 








Internal Power Dissipation Metal Can (Note 1) 800 mW 








Cavity DIP (Note 1) 900 mW 

Molded DIP (Note 1) 660 mW 








Operating Temperature Range LM723 -55°C to +125°C 








LM723C 0°C to +70°C 








Storage Temperature Range Metal Can -65°C to +150°C 








DIP 

-55 C to +125 C 








Lead Temperature (Soldering, 10 sec) 300 C 








electrical characteristics (Note 2) 











LM723 


LM723C 


PARAMETER 

CONDITIONS 







UNITS 

B 









Line Regulation 

V, N = 12V to V, N = 15V 


.01 

0.1 


MM 


%v OUT 


-55°C<T a <+125°C 



0.3 




%V OU T 


°° C < t a < +70°C 






0.3 

% V OUT 


V| N = 12V to V| N = 40V 


.02 

0.2 


0.1 

0.5 

% V OUT 

Load Regulation 

l L = 1 mA to 1 1_ = 50 mA 


.03 

0.15 


.03 

0.2 

% V OUT 


-55°C<T a <+125°C 



0.6 




%V out 


0 o C< t a< = +70 o C 






0.6 

%V OUT 

Ripple Rejection 

f = 50 Hz to 10 kHz, C REF =0 


74 



74 


dB 


f = 50 Hz to 10 kHz, C REF = 5 mF 


86 



86 


dB 

Average Temperature 

-55°C < T A < +125°C 


.002 

.015 




%/°C 

Coefficient of Output Voltage 

0°C<T a <+70°C 





.003 

.015 

%/° c 

Short Circuit Current Limit 

Rsc = ion, Vqut = 0 


65 



65 


mA 

Reference Voltage 


6.95 

7.15 

7.35 

6.80 

7.15 

7.50 

V 

Output Noise Voltage 

BW = 100 Hz to 10 kHz. C REF = 0 


20 



20 


pVrms 


BW = 100 Hz to 10 kHz. C REF = 5/iF 


2.5 



2.5 


pVrms 

Long Term Stability 



0.1 



0.1 


%/1000 hrs 

Standby Current Drain 

l L = 0. V| N = 30V 


1.3 

3.5 


1.3 

4.0 

mA 

Input Voltage Range 


9.5 


40 

9.5 


40 

V 

Output Voltage Range 


2.0 


37 

2.0 


37 

V 

Input-Output Voltage Differential 


3.0 


38 

3.0 


38 

V 

Note 1 : See derating curves for maximum power rating above 25°C. 








Note 2: Unless otherwise specified, = 25°C, V||\j = V = Vc = 12V, V" = 

0, V 0 UT = 5V, 



l|_ = 1 mA, Rgc = 0, C-| = 100 pF, Cppp = 0 and divider impedance 

as seen 

by error amplifier 



<10 k£2 connected as shown 

in Figure 1. Line and load regulation specifications are given for the 



condition of constant chip temperature. Temperature drifts must be taken into account separately 



for high dissipation conditions. 









Note 3: L-| is 40 turns of No. 20 enameled copper wire wound on 

Ferroxcube P36/22-3B7 pot core 



or equivalent with 0.009 in. air gap. 








Note 4: Figures in parentheses may be used if R1 /R2 divider is placed on opposite input of error amp. 



Note 5: Replace R1 /R2 in figures with divider shown in Figure 13. 
Note 6: V must be connected to a +3V or greater supply . 








Note 7: For metal can applications where V7 is required, an external 6.2 volt zener diode should be 



connected in series with VquT- 
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OUTPUT VOLTAGE DEVIATION (mV) RELATIVE OUTPUT VOLTAGE (V) 


maximum power ratings 


Power Dissipation vs 
Ambient Temperature 


Power Dissipation vs 
Ambient Temperature 


400 

300 Tj MAX = 150° 



-55 -25 0 25 50 75 100 125 150 

T a AMBIENT TEMPERATURE (°C) 


300 -Tj MAX = 125°C 

20Q . R T h = 125°C/W (TO-5) 

R th = 155°C/W (DIP) 

100 NO HEAT SINK 

0 1 1 1 1 — 

-55 -25 0 25 50 75 100 125 150 

T a AMBIENT TEMPERATURE (°C) 


typical performance characteristics 


Load Regulation 
Characteristics with 
Current Limiting 






T 
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A 
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1 
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- 

- 
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Load Regulation 
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Load & Line Regulation vs 
Input-Output Voltage 
Differential 
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□ 
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Line Transient Response 
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LM723/LM723C 


TABLE I RESISTOR VALUES (kft) FOR STANDARD OUTPUT VOLTAGE 


POSITIVE 

OUTPUT VOLTAGE 

APPLICABLE 

FIGURES 

FIXED 

OUTPUT 

±5% 

OUTPUT 

ADJUSTABLE 
±10% (Note 5) 

NEGATIVE 

OUTPUT VOLTAGE 

APPLICABLE 

FIGURES 

FIXED 

OUTPUT 

±5% 

5% OUTPUT 

ADJUSTABLE 

+10% 


(Note 4) 

R 1 

R2 

R 1 

PI 

R2 



R1 

R2 

R1 

PI 

R2 

+3.0 

1.5, 6, 9, 

12 (4) 

4.12 

3.01 

1.8 

0.5 

1.2 

+ 100 

7 

3.57 

102 

2.2 

10 

91 

+3.6 

1, 5, 6, 9, 
12(4) 

3.57 

3.65 

1.5 

0.5 

1.5 

+250 

7 

3.57 

255 

2.2 

10 

240 

+5.0 

1, 5, 6, 9, 

12 (4) 

2.15 

4.99 

.75 

0.5 

2.2 

-6 (Note 6) 

3, (10) 

3.57 

2.43 

1.2 

0.5 

.75 

+6.0 

1, 5, 6, 9, 

12 (4) 

1.15 

6.04 

0.5 

0.5 

2.7 

-9 

3, 10 

3.48 

5.36 

1.2 

0.5 

2.0 

+9.0 

2, 4, (5, 6, 

12, 9) 

1.87 

7.15 

.75 

1.0 

2.7 

-12 

3, 10 

3.57 

8.45 

1.2 

0.5 

3.3 

+ 12 

2, 4, (5, 6, 

9, 12) 

4.87 

7.15 

2.0 

1.0 

3.0 

-15 

3, 10 

3.65 

11.5 

1.2 

0.5 

4.3 

+15 

2, 4, (5, 6, 

9, 12) 

7.87 

7.15 

3.3 

1.0 

3.0 

-28 

3, 10 

3.57 

24.3 

1.2 

0.5 

10 

+28 

2, 4, (5, 6, 

9, 12) 

21.0 

7.15 

5.6 

1.0 

2.0 

-45 

8 

3.57 

41.2 

2.2 

10 

33 

+45 

7 

3.57 

48.7 

2.2 

10 

39 

-100 

8 

3.57 

97.6 

2.2 

10 

91 

+75 

7 

3.57 

78.7 

2.2 

10 

68 

-250 

8 

3.57 

249 

2.2 

10 

240 


TABLE II FORMULAE FOR INTERMEDIATE OUTPUT VOLTAGES 


Outputs from +2 to +7 volts 
[Figures 1, 5, 6, 9, 12, (4)] 
R2 , 


T= [V R 


R1 + R2 


Outputs from +4 to +250 volts 
[ Figure 7] 


VouT-I^X^^hRS-FM 


Current Limiting 

i _ VsENSE 


Outputs from +7 to +37 volts 
[Figures 2, 4, (5, 6, 9, 12)] 


Outputs from -6 to -250 volts 
[ Figures 3, 8, 10] 


VoUT=[^P><5I^1;R3„R4 


Foldback Current Limiting 

, Vqut R3 Vsense(R3+R4) 

' 1 R sc R4 R sc R4 


'SHORT CKT “ 


typical applications 




FIGURE 1. Basic Low Voltage Regulator 
(VquT = 2 to 7 Volts) 


Note: R3 = for minimum temperature drift. Regulated Output Voltage 15V 

Line Regulation (AV| N = 3V) 1 .5 mV 

R3 may be eliminated for minimum component count. Load Regulation (Al L = 50 mA) 4.5 mV 

FIGURE 2. Basic High Voltage Regulator 
(V 0 UT = 7 to 37 Volts) 




Regulated Output Voltage -15V 

Line Regulation (AV| N = 3V) 1 mV 

Load Regulation (Al L = 1 00 m A) 2 mV 

FIGURE 3. Negative Voltage Regulator 


TYPICAL PERFORMANCE 
Regulated Output Voltage +1 5V 

Line Regulation (AV| N = 3V) 1.5 mV 

Load Regulation (Al L = 1A) 15 mV 

FIGURE 4. Positive Voltage Regulator 
(External NPN Pass Transistor) 


1 - 84 , 




typical applications(con't.) 


, X — _j 

1 1 "sc 

Cl 

1 j 

’"sc 

L ^ RCCUIATID 




9 ^ OUTPUT > 

v T C ”" F 


TYPICAL PERFORMANCE 
Regulated Output Voltage +5V 

Line Regulation (AV in = 3V) 0.5 mV 

Load Regulation (At|_ = 1A) 5 mV 

FIGURE 5. Positive Voltage Regulator 
(External PNP Pass Transistor) 


TYPICAL PERFORMANCE 
Regulated Output Voltage +E 

Line Regulation (AV = 3V) 0.5 it 

Load Regulation (Al L “ 10 mA) In 

Short Circuit Current 20 it 

FIGURE 6. Foldback Current Lir 



TYPICAL PERFORMANCE 
Regulated Output Voltage +50V 

Line Regulation (AV| N = 20V) 1 5 mV 

Load Regulation (Al L = 50 mA) 20 mV 

FIGURE 7. Positive Floating Regulator 



1 


TYPICAL PERFORMANCE 
Regulated Output Voltage -100V 

Line Regulation (AV tN = 20V) 30 mV 

Load Regulation (Al L = 100 mA) 20 mV 

FIGURE 8. Negative Floating Regulator 




Regulated Output Voltage +5V 

Line Regulation (AV| N = 30V) 10 mV 

Load Regulation (AIl = 2A) 80 mV 

FIGURE 9. Positive Switching Regulator 


Regulated Output Voltage -15V 

Line Regulation (AV tN = 20V) 8 mV 

Load Regulation (AIl = 2A) 6 mV 

FIGURE 10. Negative Switching Regulator 




Note: Current limit transistor may be 
used for shutdown if current 
limiting is not required. 


TYPICAL PERFORMANCE 
Regulated Output Voltage +5V 

Line Regulation (AV| N = 3V) 0.5 mV 

Load Regulation (Al|. - 50 m A) 1.5 mV 


FIGURE 11. Remote Shutdown Regulator with 
Current Limiting 


TYPICAL PERFORMANCE 
Regulated Output Voltage +5V 

Line Regulation (AVin = 10V) 0.5 mV 

Load Regulation (Ali. = 100 mA) 1.5 mV 

FIGURE 12. Shunt Regulator 


FIGURE 13. Output Voltage 
Adjust (See Note 5) 
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LM78LXX series 



Voltage Regulators 


LM78LXX series three terminal positive regulators 


general description 

The LM78LXX series of three terminal positive regu- 
lators is available with several fixed output voltages 
making them useful in a wide range of applications. 
When used as a zener diode/resistor combination replace- 
ment, the LM78LXX usually results in an effective 
output impedance improvement of two orders of magni- 
tude, and lower quiescent current. These regulators can 
provide local on card regulation, eliminating the distri- 
bution problems associated with single point regulation. 
The voltages available allow the LM78LXX to be used in 
logic systems, instrumentation. Hi Fi, and other solid 
state electronic equipment. Although designed primarily 
as fixed voltage regulators these devices can be used 
with external components to obtain adjustable voltages 
and currents. 

The LM78LXX is available in the metal three lead 
TO-5 (H) and the plastic TO-92 (Z). With adequate 
heat sinking the regulator can deliver 100 mA output 
current. Current limiting is included to limit the peak 
output current to a safe value. Safe area protection 
for the output transistor is provided to limit internal 
power dissipation. If internal power dissipation becomes 


too high for the heat sinking provided, the thermal 
shutdown circuit takes over preventing the 1C from 
overheating. 


features 

■ Output voltage tolerances of ±5% (LM78LXXAC) and 
±10% (LM78LXXC) over the temperature range 

■ Output current of 100 mA 

■ Internal thermal overload protection 

■ No external components required 

■ Output transistor safe area protection 

■ Internal short circuit current limit 

■ Available in plastic TO-92 and metal TO-39 low 
profile packages 


voltage range 


LM78L05 

5V 

LM78L15 

15V 

LM78L08 

8V 

LM78L18 

18V 

LM78L12 

12V 

LM78L24 

24V 


connection diagrams 


TO-5 (H) 


TO-92 (Z) 



Order Numbers: 


Order Numbers: 


LM78L05ACH 

LM78L08ACH 

LM78L12ACH 

LM78L15ACH 

LM78L18ACH 

LM78L24ACH 


LM78L05CH 

LM78L08CH 

LM78L12CH 

LM78L15CH 

LM78L18CH 

LM78L24CH 


LM78L05ACZ 

LM78L08ACZ 

LM78L12ACZ 

LM78L15ACZ 

LM78L18ACZ 

LM78L24ACZ 


LM78L05CZ 

LM78L08CZ 

LM78L12CZ 

LM78L15CZ 

LM78L18CZ 

LM78L24CZ 


See Package 9 


See Package 38 
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absolute maximum 

ratings 





Input Voltage Vq = 5V to 8V 

30V Maximum Junction Temperature 


+150°C 

V 0 = 12V to 18V 

35V Storage Temperature Range 



Vq = 24V 

40V Metal Can (H Package) 

-65°C to +150°C 

Internal Power Dissipation (Note 1) 

Internally Limited Molded TO-92 


-55°C to +150°C 

Operating Temperature Range 

0°C to +70°C Lead Temperature (Soldering, 10 seconds) 

300° C 

electrical characteristics (Note 2) 





LM78L05AC V )N = 10V, Iqut = 40 mA, 0°C < Tj < 125°C, C| N = 0.33juF, C OUT = 0.1 juF, unless otherwise specified. 

PARAMETER 

CONDITIONS 



MAX 

UNITS 

Output Voltage 

Tj = 25° C 

4.8 

5.0 

5.2 

V 

Line Regulation 

Tj = 25°C, 7V<V IN < 20V 


18 

150 

mV 


Tj =25°C, 8V < V, N < 20V 


10 

100 

mV 

Load Regulation 

Tj = 25°C, 1 mA < I OU t < 100 mA 


11 

60 

mV 


Tj = 25°C, 1 mA < I OU t < 40 m A 


5.0 

30 

mV 

Output Voltage 

7V < V, N < 20V, 1 mA < Iqut < 40 mA 

4.75 


5.25 

V 


1 mA “C Iout ^ 70 mA 

4.75 


5.25 

V 

Quiescent Current 

Tj = 25°C 


3.0 

6.0 

mA 


Tj = 1 25°C 



5.5 

mA 

Quiescent Current Change 






With Line 

8V < V, N < 20V 



1.5 

mA 

With Load 

1 mA < Iqut < 40 mA 



0.1 

mA 

Output Noise Voltage 

T a = 25°C, 10 Hz<f<10 kHz (Note 3) 


40 


MV 

Long Term Stability 



12 


mV 

Ripple Rejection 

f = 120 Hz, 8V < V IN < 18V, Tj = 25°C 

41 

62 


dB 

Dropout Voltage 

T a = 25° C 


1.7 


V 

LM78L05C V, N = 10V, I OU t 

= 40 mA, 0°C < Tj < 125°C, C| N = 0.33/jF, Cqut = 0.1 juF, unless otherwise specified. 

PARAMETER 

CONDITIONS 

MIN 

TYP 

MAX 

UNITS 

Output Voltage 

Tj = 25° C 

4.6 

5.0 

5.4 

V 

Line Regulation 

Tj = 25°C, 7V<V, N < 20V 


18 

200 

mV 


Tj = 25°C, 8V < V IN < 20V 


10 

150 

mV 

Load Regulation 

Tj = 25°C, 1 mA < Iqut < 100 mA 


11 

60 

mV 


Tj = 25°C, 1 m A < I OU t < 40 mA 


5.0 

30 

mV 

Output Voltage 

7V < V 1N < 20V, 1 mA < I OU t < 40 mA 

4.5 


5.5 

V 


1 mA ■‘C Iout ^ 70 mA 

4.5 


5.5 

V 

Quiescent Current 

Tj = 25°C 


3.0 

6.0 

mA 


Tj = 125°C 



5.5 

mA 

Quiescent Current Change 






With Line 

8V< V, N < 20V 



1.5 

mA 

With Load 

1 mA < Iqut < 40 mA 



0.2 

mA 

Output Noise Voltage 

T A = 25°C, 10 Hz<f<10 kHz (Note 3) 


40 


MV 

Long Term Stability 



12 


mV 

Ripple Rejection 

f = 120 Hz, 8V < V 1N < 18V, Tj = 25°C 

40 

60 


dB 

Dropout Voltage 

T a = 25° C 


1.7 


V 

1 Note 1: Thermal resistance of the Metal Can Package ( H) without a heat sink is 40°C/W junction to case and 

140°C/W junction to ambient. 


Thermal resistance of the TO-92 package is 180°C/W junction to ambient with 0.4 inch leads from a PC board and 160°C/W junction to ambient 


with 0.125 inch lead length to a PC board. 





Note 2: The maximum steady state usable output current and input voltage are very dependent on the heat sinking and/or lead length of the 


package. The data above represent pulse test conditions with junction temperatures as indicated at the initiation of tests. 



Note 3: It is recommended that a minimum load capacitor of O.OIjuF be used to limit the high frequency noise bandwidth. 
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LM78LXX series 


electrical characteristics (con 't) (Note 2) 

LM78L08AC V iN = 14V, l OUT = 40 mA, 0°C < Tj < 125°C, C| N = 0.33/uF, 0 O ut = 0.1/iF, unless otherwise specified. 

PARAMETER 

CONDITIONS 

MIN 

TYP 

MAX 

UNITS 

Output Voltage 

Tj = 25° C 

7.7 

8 

8.3 

V 

Line Regulation 

Tj = 25°C, 10.5V <V IN < 23V 


20 

175 

mV 


Tj =25°C, 11V < V IN < 23V 


12 

125 

mV 

Load Regulation 

Tj = 25°C, 1 mA < I OU t < 100 mA 


15 

80 

mV 


Tj = 25°C, 1 mA < I OU t < 40 mA 


8.0 

40 

mV 

Output Voltage 

10.5V < V, N < 23V, 1 mA < l OUT < 40 mA 

7.6 


8.4 

V 


1 mA Iout ^ 70 mA 

7.6 


8.4 

V 

Quiescent Current 

Tj = 25° C 


3.0 

6.0 

mA 


Tj = 1 25°C 



5.5 

mA 

Quiescent Current Change 






With Line 

11V<V 1N < 23V 



1.5 

mA 

With Load 

1 mA < Iqut < 40 mA 



0.1 

mA 

Output Noise Voltage 

T A = 25°C, 10 Hz<f < 10 kHz {Note 3) 


60 


AiV 

Long Term Stability 



20 


mV 

Ripple Rejection 

f = 120 Hz, 12V < V| N <23V,Tj = 25°C 

37 

57 


dB 

Dropout Voltage 

T a = 25° C 


1.7 


V 

LM78L08C V 1N = 14V, I OU t = 

40 mA, 0°C < Tj < 1 25°C, C IN = 0.33aiF, C OU t 

= O.ljLtF, unless otherwise specified. 

PARAMETER 

CONDITIONS 

MIN 

TYP 

MAX 


Output Voltage 

Tj = 25° C 

7.36 

8 

8.64 

V 

Line Regulation 

Tj = 25°C, 10.5V <V 1N < 23V 


20 

200 

mV 


Tj = 25°C, 11V< V IN < 23V 


12 

150 

mV 

Load Regulation 

Tj = 25°C, 1 mA< Iqut < 100 mA 


15 

80 

mV 


Tj = 25°C, 1 mA < I OU t < 40 m A 


6.0 

40 

mV 

Output Voltage 

10.5V < V )N < 23V, 1 mA < I OU t < 40 mA 

7.2 


8.8 

V 


1 mA < Iqut < 70 mA 

7.2 


8.8 

V 

Quiescent Current 

Tj = 25° C 


3.0 

6.0 

mA 


Tj = 125°C 



5.5 

mA 

Quiescent Current Change 






With Line 

11V<V IN < 23V 



1.5 

mA 

With Load 

1 mA < Iout < 40 mA 



0.2 

mA 

Output Noise Voltage 

T a = 25°G, 10 Hz<f < 10 kHz (Note 3) 


60 


MV 

Long Term Stability 



20 


mV 

Ripple Rejection 

f = 1 20 Hz, 1 2 V < V, N < 23V, Tj = 25°C 

36 

55 


dB 

Dropout Voltage 

T a = 25°C 


1.7 


V 
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electrical characteristics (con t) (Note 2) 


LM78L12AC V, N = 19V f Iqut = 40 mA, 0°C < Tj < 125°C, C 1N = 0.33juF, C OUT = 0.1/nF, unless otherwise specified. 

PARAMETER CONDITIONS MIN TYP MAX U 

Output Voltage Tj = 25° C 11.5 12 12.5 


PARAMETER 

Output Voltage 
Line Regulation 

Load Regulation 

Output Voltage 

Quiescent Current 

Quiescent Current Change 
With Line 
With Load 

Output Noise Voltage 
Long Term Stability 
Ripple Rejection 
Dropout Voltage 


Tj = 25 C, 14.5V <V, N < 27V 
Tj = 25°C, 16V< V, N < 27V 

Tj = 25°C, 1 m A < Iqut < 1 00 mA 
Tj = 25°C, 1 mA < I OU t < 40 m A 

14.5V < V tN < 27V, 1 mA < I OU t < 40 mA 
1 mA ^ Iout ^ 70 mA 

Tj = 25° C 
Tj = 1 25°C 


16V < V, N < 27V 
1 mA < Iout ^40 mA 

T A =25°C, 10 Hz<f<10kHz (Note 3) 


f = 120 Hz, 15 V<V, n <25V,Tj = 25°C 
T a = 25° C 


MIN 

TYP 

MAX 

UNITS 

11.5 

12 

12.5 

V 


30 

250 

mV 


20 

200 

mV 


20 

100 

mV 


10 

50 

mV 

11.4 


12.6 

V 

11.4 


12.6 

V 


3.0 

6.5 

mA 



6.0 

mA 



1.5 

mA 



0.1 

mA 


80 


MV 


24 


mV 

37 

54 


dB 


1.7 


V 


LM78L12C Vir 


: 19V, Iqut = 40 mA, 0°C < Tj < 1 25°C, C !N = 0.33juF, Cqut = O.ljuF, unless otherwise specified. 


PARAMETER 


CONDITIONS 


Output Voltage 

Tj = 25 C 

Line Regulation 

Tj = 25°C, 14.5V < Vi N < 27V 

Tj = 25°C, 16V < V, N < 27V 

Load Regulation 

Tj = 25°C, 1 m A < Iqut < 1 00 mA 

Tj = 25°C, 1 m A < I OU t < 40 m A 

Output Voltage 

14.5V<V, n < 27V, 1 mA<l OU T<40 mA 
1 mA ^ Iout ^ ^0 mA 

Quiescent Current 

Tj = 25° C 

Tj = 1 25°C 

Quiescent Current Change 
With Line 

With Load 

16V < V IN < 27V 

1 mA < Iqut < 40 mA 

Output Noise Voltage 

T A = 25°C, 10 Hz<f< 10 kHz (Note 3) 

Long Term Stability 


Ripple Rejection 

f = 120 Hz, 15V < V, N <25V,Tj = 25°C 

Dropout Voltage 

T a = 25°C 
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LM78LXX series 


electrical characteristics (con't) (Note 2) 

LM78L15AC V| N = 23V, Iqut = 40 mA, 0°C <Tj < 125°C, C| N = 0.33 /jF, Cqut = 0.1/iF, unless otherwise specified. 

PARAMETER 

CONDITIONS 

MIN 

TYP 

MAX 

UNITS 

Output Voltage 

Tj = 25° C 

14.4 

15 

15.6 

V 

Line Regulation 

Tj = 25°C, 17.5V < V, N < 30V 


37 

300 

mV 


Tj = 25°C, 20V < V, N < 30V 


25 

250 

mV 

Load Regulation 

Tj = 25°C, 1 mA< l OUT < 100 mA 


25 

150 

mV 


Tj = 25°C, 1 mA < l OUT < 40 mA 


12 

75 

mV 

Output Voltage 

17.5V < V IN < 30V, 1 mA < Iqut < 40 mA 

14.25 


15.75 

V 


1 mA ^ Iout ^ 70 mA 

14.25 


15.75 

V 

Quiescent Current 

Tj = 25°C 


3.1 

6.5 

mA 


Tj = 125°C 



6.0 

mA 

Quiescent Current Change 






With Line 

20V < V )N < 30V 



1.5 


With Load 

1 mA < Iqut < 40 mA 



0.1 


Output Noise Voltage 

T a =25°C, 10 Hz<f < 10 kHz (Note 3) 


90 


1 

Long Term Stability 



30 



Ripple Rejection 

f = 120 Hz, 18.5V <V, N < 28.5V, Tj = 25° C 

34 

51 



Dropout Voltage 

T a = 25°C 


1.7 


V 

LM78L15C V IN =23V, Iqut 

= 40 mA, 0°C < Tj < 1 25°C, C, N = 0.33/iF, C OU t 

= 0.1//F, unless otherwise specified. 


PARAMETER 

CONDITIONS 

MIN 

TYP 

MAX 

UNITS 

Output Voltage 

Tj = 25° Q 

13.8 

15 

16.2 

V 

Line Regulation 

Tj = 25°C, 1 7.5V < V, N < 30V 


30 


mV 


Tj = 25°C, 20V < V )N < 30V 


25 

250 

mV 

Load Regulation 

Tj = 25°C, 1 mA < I OU t < 100 mA 


25 

150 

mV 


Tj = 25°C, 1 mA < I OU t < 40 m A 


12 

75 

mV 

Output Voltage 

1 7.5V < V, N < 30V, 1 mA < Iqut < 40 mA 

13.5 


16.5 

V 


1 mA < l OUT < 70 mA 

13.5 


16.5 

V 

Quiescent Current 

Tj = 25°C 


3.1 

6.5 

mA 


Tj = 125°C 



6.0 

mA 

Quiescent Current Change 






With Line 

20V<V, n < 30V 



1.5 

mA 

With Load 

1 mA < l OUT < 40 mA 



0.2 

mA 

Output Noise Voltage 

T A =25°C, 10 Hz<f<10kHz (Note 3) 


90 


MV 

Long Term Stability 



30 


mV 

Ripple Rejection 

f = 120 Hz, 18.5V < V, N < 28.5V, Tj = 25°C 

33 

49 


dB 

Dropout Voltage 

T A = 25° C 


1.7 


V 



1-90 



















electrical characteristics (con 't) (Note 2) 

LM78L18AC V, N = 27V, l OUT = 40 mA, 0°C < Tj < 125°C, C )N = 0.33/uF, Cqut = 0.1/iF t unless otherwise specified. 

PARAMETER 

CONDITIONS 

MIN 

TYP 

MAX 

UNITS 

Output Voltage 

Tj = 25°C 

17.3 

18 

18.7 

V 

Line Regulation 

Tj = 25°C, 20.7V <V, N < 33V 


45 

325 

mV 


Tj = 25°C, 21 V < V, N < 33V 


35 

275 

mV 

Load Regulation 

Tj = 25°C, 1 mA < I OU t < 100 mA 


30 

170 

mV 


Tj = 25°C, 1 m A < I OU t < 40 m A 


15 

85 

mV 

Output Voltage 

20.7V < V, N < 33V, 1 mA < l OUT < 40 mA 

17.1 


18.9 

V 


1 mA ■‘C Iout ^ 70 mA 

17.1 


18.9 

V 

Quiescent Current 

Tj = 25°C 


3.1 

6.5 

mA 


Tj = 1 25°C 



6.0 

mA 

Quiescent Current Change 






With Line 

21V < V, N < 33V 



1.5 

mA 

With Load 

1 mA < Iqut <40 mA 



0.1 

mA 

Output Noise Voltage 

T A = 25°C, 10 Hz<f < 10 kHz (Note 3) 


150 


MV 

Long Term Stability 



45 


mV 

Ripple Rejection 

f = 120 Hz, 23V < V, N < 33V, Tj = 25°C 

33 

48 


dB 

Dropout Voltage 

T a = 25° C 


1.7 


V 

LM78L18C V, N = 27V, I OU t 

= 40 mA, 0°C < Tj < 125°C, C, N = 0.33juF, Cqut = 0.1/iF, unless otherwise specified. 

PARAMETER 

CONDITIONS 

MIN 

TYP 

MAX 

UNITS 

Output Voltage 

Tj = 25°C 

16.6 

18 

19.4 

V 

Line Regulation 

Tj = 25°C, 21.4V <V, N < 33V 


32 

327 

mV 


Tj = 25°C, 22V < V IN < 33V 


27 

275 

mV 

Load Regulation 

Tj = 25°C, 1 mA < Iqut < 1 00 mA 


30 

170 

mV 


Tj = 25 C, 1 mA ^ Iout ^ 40 m A 


15 

85 

mV 

Output Voltage 

21 .4V < V , N < 33V, 1 mA < lour < 40 mA 

16.2 


19.8 

V 


1 mA ^ Iout ^ 70 mA 

16.2 


19.8 

V 

Quiescent Current 

Tj = 25°C 


3.1 

6.5 

mA 


Tj = 125°C 



6.0 

mA 

Quiescent Current Change 






With Line 

22V < V, N < 33V 



1.5 

mA 

With Load 

1 mA ^ Iout ^ 40 mA 



0.2 

mA 

Output Noise Voltage 

T A =25°C, 10Hz<f<10kHz (Note 3) 


150 


MV 

Long Term Stability 



45 


mV 

Ripple Rejection 

f = 1 20 Hz, 23V < V IN < 33V, Tj = 25°C 

32 

46 


dB 

Dropout Voltage 

T a = 25°C 


1.7 


V 
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LM78LXX series 


electrical characteristics (con't) (Note 2) 

LM78L24AC V, N = 33V, l OUT = 40 mA, 0°C <Tj <'125°C, C| N = 0.33/uF, Cqut = O.ljuF, unless otherwise specified. 

PARAMETER 

CONDITIONS 

MIN 

TYP 

MAX 

UNITS 

Output Voltage 

Tj = 25°C 

23 

24 

25 

V 

Line Regulation 

Tj = 25°C, 27 V<V, n < 38V 


60 

350 

mV , 


Tj = 25°C, 28V < V, N < 38V 


50 

300 

mV 

Load Regulation 

Tj = 25°C, 1 m A < l OUT < 1 00 m A 


40 ! 

200 

mV 


Tj = 25°C, 1 mA < Iqut < 40 mA 


20 

100 

mV 

Output-Voltage 

27V < V, N < 38V, 1 mA < I OU t < 40 mA 

22.8 


25.2 

V 


1 mA ^ Iout ^ 70 mA 

22.8 


25.2 

V 

Quiescent Current 

Tj = 25°C 


3.1 

6.5 

mA 


Tj = 125°C 



6.0 

mA 

Quiescent Current Change 






With Line 

28V < V, N < 38V 



1.5 

mA 

With Load 

1 mA < Iqut < 40 mA 



0.1 

mA 

Output Noise Voltage 

T A = 25°C, 10 Hz<f< 10 kHz (Note 3) 


200 


MV 

Long Term Stability 



56 


mV 

Ripple Rejection 

f = 1 20 Hz, 29V < V IN < 35V, Tj = 25°C 

31 

45 


dB 

Dropout Voltage 

T a = 25°C 


1.7 


V 

LM78L24C V, N = 33V, l OUT 

= 40 mA, 0°C < Tj < 1 25°C, C| N = 0.33/iF, Cqut = 0.1/iF, unless otherwise specified. 


PARAMETER 

CONDITIONS 

MIN 

TYP 

MAX 

UNITS 

Output Voltage 

Tj = 25° C 

22.1 

24 

25.9 

V 

Line Regulation 

Tj = 25°C, 27.5V < V, N < 38V 


35 

350 

mV 


Tj = 25°C, 28V < V, N < 38V 


30 

300 

mV 

Load Regulation 

Tj = 25°C, 1 m A < I OU t < 100 mA 


40 

200 

mV 


Tj = 25°C, 1 mA < I OU t < 40 mA 


20 

100 

mV 

Output Voltage 

28V < V )N < 38V, 1 mA < I OU t < 40 mA 

21.4 


26.4 

V 


1 mA “C Iout ^ 70 mA 

21.4 


26.4 

V 

Quiescent Current 

Tj = 25° C 


3.1 

6.5 

mA 


Tj = 125°C 



6.0 

mA 

Quiescent Current Change 






With Line 

28V < V )N < 38V 



1.5 

mA 

With Load 

1 mA < Iout ^ 40 m A 



0.2 

mA 

Output Noise Voltage 

T A =25°C, 10 Hz<f<10kHz (Note 3) 


200 


MV 

Long Term Stability 



56 


mV 

Ripple Rejection 

f = 1 20 Hz, 29V < V, N < 35V, Tj = 25°C 

30 

43 


dB 

Dropout Voltage 

T a = 25° C 


1.7 


V 

Note 1: Thermal resistance of the Metal Can Package (H) without a heat sink is 40°C/W junction to case and 140°C/W junction to ambient. 
Thermal resistance of the TO-92 package is 180°C/W junction to ambient with 0.4 inch leads from a PC board and 160°C/W junction to ambient 
with 0.125 inch lead length to a PC board. 

Note 2: The- maximum steady state usable output current and input voltage are very dependent on the heat sinking and/or lead length of the 
package. The data above represent pulse test conditions with junction temperatures as indicated at the initiation of tests. 

Note 3: It is recommended that a minimum load capacitor of O.OIjuF be used to limit the high frequency noise bandwidth. 
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typical performance characteristics 


Maximum Average Power 
Dissipation (Plastic Package) 


Maximum Average Power 
Dissipation (Metal Can 
Package) 


Peak Output Current 
















— 

— 

— 

— 













0.125" 

LEAD L 

INGTH 



FROM PC BOARD 

J/VITH 72°C/W HEAT SIN 

K 


0.4" LEAD LEN 
FROM PC BOAR 
FREE AIR 

1 




ID 

/ 


0.125" 

EAD LENGTH 

C BOARD 

IR 

_ 

FROMP 
FREE A 


0 15 30 45 60 75 



0 15 30 45 60 75 



0 5 10 15 20 25 30 


AMBIENT TEMPERATURE ("0 


AMBIENT TEMPERATURE f'C) 


INPUT-OUTPUT DIFFERENTIAL (V) 


Dropout Voltage 



0 25 50 75 100 125 

JUNCTION TEMPERATURE (°C) 


Ripple Rejection 



10 100 Ik 10k 100k 


FREQUENCY (Hz) 


Output Impedance 



10 100 Ik 10k 100k 1M 


FREQUENCY (Hz) 


Quiescent Current 



INPUT VOLTAGE (V) 



0 25 50 75 100 125 150 

JUNCTION TEMPERATURE (°C) 
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LM78LXX series 


equivalent circuit 



typical applications 


X 

"L 


X 

X 


“Required if the regulator is located far from the power supply filter. 
**See Note 3 in the electrical characteristics table. 



V 0 ut= 5V + I5V/B1 + I q ) R2 

5V/R1 >3 l Q , load regulation (L r ) % [<R1 + R2)/R1] (L r of LM78L05) 


Fixed Output Regulator 


Adjustable Output Regulator 
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typical applications (con't) 


INPUT 



OUTPUT 


•out = (V23/RI) + Iq 
a l Q = 1 .5 mA over line and load changes 


Current Regulator 


01” 

2N4033 



‘♦♦Optional: Improves ripple rejection and transient response. 

Load Regulation: 0.6% 0 < l L < 250 mA pulsed with t 0 N = 50 ms. 


5V, 500 mA Regulator with Short Circuit Protection 



±15V, 100 mA Dual Power Supply 



Vour = V G + 5 V, R1 = (-V,n/Iq LM 78 L 05 ) 

Vout = 5V (R2/R4) for (R2 + R3) = (R4 + R5) 

A 0.5V output will correspond to (R2/R4) - 0.1, (R3/R4) = 0.9 


Variable Output Regulator 0.5V — 18V 
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Operational Amplifiers 


LH0001VLH0001C, low power operational amplifier 
general description 

The LH0001/LH0001C is a general purpose opera- ■ Very low input offse 


tional amplifier designed for extremely low 
quiescent power. Typical NO-load dissipation at 
25°C is 2 milliwatts at V s = ±15 volts, and 0.5 
milliwatts at V s = ±5 volts. Even with this low 
power dissipation, the LH0001 /LH0001 C will 
deliver ±10 volts into a 2K load with ±15 volt 
supplies, and typical short circuit currents of 20 to 
30 milliamps. Additional features are: 

■ Operation from ±5V to ±20V 

■ Very low offset voltage: typically 200 juV 
at 25°C, 600 juV at -55°C to 1 25°C 


■ Very low input offset current: typically 3 nA 
at 25° C, 6 nA at -55°C 

■ Low noise: typically 3 juV rms 

■ Frequency compensation with 2 small capacitors 

■ Output may be clamped at any desired level 

■ Output is continuously short circuit proof 

The LH0001/LH0001C is ideally suited for space 
borne applications or where battery operated equip- 
ment requires extremely low power dissipation. 


schematic and connection diagrams 



CLAMP 

COMPENSATION 


v~m mBiAs 

,nput v3l/t\jS/ b,as 

COMPENSATION 


Note: Pin 7 must be grounded or connected to a voltage 
at least 5 volts more negative than the positive supply 
(Pin 9). Pin 7 may be connected to the negative supply, 
however the standby current will be increased. A resistor 
may be inserted in series with Pin 7 up to a maximum of 
100 kft per volt between Pin 3 and Pin 9. 

Order Number LH0001H 
See Package 14 


typical applications 

Voltage Follower 



JL no 

I ?* *May he zero or equal t( 
P’ source resistance for 


Integrator with Bias Current Compensation 
CF 




ci 11 

R.N 

4 

SJ39 pFMO 



LHOOQI^-i— f 

r~2N2484 y 1 



-15 V 

♦Previously called NH0001 


^Adjust for zero 
integrator drift. 


Voltage Comparator for Driving MOS Circuits 
+10 VOLTS 


INPUTS LH0001 

2 . y 


-30 VOLTS 

External Current Limiting Method 
D1 D2 


INPUTS LH0001 


*V t = average forward 
voltage drop of 
diodes 01 to D4 
at 20 to 50 aiA. 
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LH0001VLH0001C 


absolute maximum ratings 

Supply Voltage ±20V 

Power Dissipation (see Curve) 400 mW 

Differential Input Voltage ±7V 

Input Voltage Equal to supply 

Short Circuit Duration (Note 1) Continuous 

Operating Temperature Range -55°C to +125°C 

Storage Temperature Range -65°C to +150°C 

Lead Temperature ( Soldering 10 sec.) 300°C 

electrical characteristics (Note 2) 


PARAMETER 

TEMP (°C) 

CONDITIONS 

MIN 

TYP 

MAX 

UNITS 

Input Offset Voltage 

25 

R S <5K 


0.2 

1.0 

mV 


-55 to 125 

R S <5K 


0.6 

2.0 

mV 

Input Offset Current 

25 to 125 




20 

nA 


-55 




100 

nA 

Input Bias Current 

25 to 125 




100 

nA 


-55 




300 

nA 

Supply Current (+) 

25 

V s = ±20V 


90 

125 

/iA 


125 

V s = ±20V 


70 

100 

ma 


-55 

V s = ±20V 


100 

150 


Supply Current (-) 

25 

V s = ±20V 


60 

90 

HA 


125 

V s = ±20V 


45 

75 

juA 


-55 

V s = ±20V 


75 

125 

*iA 

Voltage Gain 

-55 to 25 

R l = 100 KO, V s = ±1 5V, V OUT = ±10V 

25 

60 


V/mV 


125 

R l = 100 K a, V S = ±15V, V OUT =±10V 

10 

30 


V/mV 

Vout 

25 

V s = ±15V, R L = 2K 

10 

11.5 


V 


-55 

V s = ±15V, R l = 2K 

9 

10.5 


V 


125 

V s = ±15V, R l = 2K 

11 

12.5 


V 

Common Mode 

-55 to 125 

V s = ±15V, V, N = ±10V, R s < 5K 

70 

90 


dB 

Rejection Ratio 







Power Supply 

-55 to 125 

V s = ±1 5V, AV = 5V to 20V, R s = < 5K 

70 

90 


dB 

Rejection Ratio 



i 




Input Resistance 

25 


0.5 

1.5 



Average Temperature 

-55 to 125 

R S <5K 


4 


juA/°C 

Coefficient of Offset 
Voltage 




I 



Average Temperature 

-55 to 125 



0.4 


nA/°C 

Coefficient of Bias 
Current 


! 





Equivalent Input 

25 

R s = IK, f=5Hzto 1000 Hz, V S =±15V 


3.0 


jitV rms 

Noise Voltage 








Note 1: Based on maximum short circuit current of 50 mA, device may be operated at any combination of supply voltages, 
and temperature to be within rated power dissipation (see Curve). 

Note 2: These specifications apply for Pin 7 grounded, for ±5V < Vg < ±20V, with Capacitor Cl = 39 pF from Pin 1 to Pin 10, 
and C2 = 22 pF from Pin 5 to ground, unless otherwise specified. 


guaranteed performance 



Small Signal Voltage Gain 


Maximum Power Dissipation 




SUPPLY VOLTAGE (±V) 


0 +50 +100 +150 

TEMPERATURE (°C) 


TEMPERATURE (°C) 
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typical performance characteristics 


Negative Supply Current 


Positive Supply Currents 


Short Circuit Output Current 





SUPPLY VOLTAGE <:V) 

SUPPLY VOLTAGE (±V) 

TEMPERATURE (°C) 

Input Bias Current 

Input Offset Current 

Input Resistance 



SUPPLY VOLTAGE (±V> 

SUPPLY VOLTAGE (?V) 

TEMPERATURE (°C) 

Negative Output 

Positive Output 


Voltage Swing 

Voltage Swing 

Voltage Gain 







LH0001A/LH0001AC 



Operational Amplifiers 


LH0001A/LH0001AC micropower operational amplifier 


general description 

The LH0001A/LH0001 AC is a micropower, high 
performance integrated circuit operational ampli- 
fier designed to have a no load power dissipation 
of less than 0.5 mW at V s = ±5V and less than 
2 mW at V s = ±20V. Open loop gain is greater 
than 50k and input bias current is typically 20 nA. 

features 

■ 1.0 mV Typical low offset voltage 

■ 5 nA Typical low offset current 

■ 3 /uVrms Typical low noise 

■ Simple frequency compensation 

■ Moderate bandwidth and slewrate 


■ Output short circuit proof 

The LH0001 A/LH0001 AC may be substituted 
directly for the LH0001/LH0001C. Low power 
consumption, high open loop gain, and excellent 
input characteristics make the LH0001A an ideal 
amplifier for many low power applications such 
as battery powered instrument or transducer 
amplifiers. 

The LH0001A is specified for operation over the 
-55°C to +125°C military temperature range. The 
LH0001AC is specified for operation over the 0°C 
to +85°C temperature range. 


schematic diagram* 


typical application* 




Integrator with Bias Compensation 


*Pin shown for TO-5 package 


connection diagrams 

Metal Can Package 


LH0001AH/LH0001ACH 
COMP & CLAMP 



Flat Package 


LH0D01 AF/LHOOOI ACF 


+ INPUT£ 
OUTPUT COMPC 
-input£ 

INPUT C0MP£ 

COMPS CLAMP C 



2 V+ 

2 OUTPUT 


Order Number 
LH0001AH or LH0001ACH 
See Package 14 


Order Number 
LH0001AF or LH0001 ACF 
See Package 3 


Cavity Dual-ln-Line Package 

LHDD01 AD/LH0001ACD 



LH0001AD or LH0001ACD 
See Package 1 
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absolute maximum ratings 


Supply Voltage 

Power Dissipation (See curve) 

Differential Input Voltage 

Input Voltage 

Short Circuit Duration 

Operating Temperature Range LH0001A 

LH0001 AC . 

Storage Temperature Range 

Lead Temperature (Soldering, 10 sec) 


±20V 
400 mW 
±7V 
±V S 
Continuous 
-55°C to 125°C 
-25°C to 85°C 
-65°C to 1 50° C 
300° C 


electrical characteristics (Notei) 


R s ^ 1k,T A = 25 C 
T a = 25°C 
T a = 25°C 


V s = ±20V, T a = 25 C 
V s = ±20V 


PARAMETERS CONDITIONS 

Input Offset Voltage R s ^ Ik, T a = 25°C 

Input Bias Current T A = 25°C 

Input Offset Current T A = 25°C 

Supply Current V s = ±20V, T A = 25°C 

V s = ±20V 

Voltage Gain V s = ±15V, V OUT = 10V, R L = ' 

T A = 25°C 

V S = ±15V, V OUT = 10V, R[_ = 

Output Voltage V s = ±15V, R L = 2k, T A = 25°C 

V S = ±15V, R L = 2k 

Common Mode Rejection Ratio V s = ±15V, V| N = 10V, R s = Ik 

Power Supply Rejection Ratio V s = ±15V, R s = Ik, V s = ±5V 
to ±20V 

Equivalent Input Noise Voltage V s = ±15V, R s = Ik, T A = 25°C 
f = 500 Hz to 5 kHz 

Average Temperature Coefficient R s <[ Ik 
of Offset Voltage 

Average Temperature Coefficient 
of Bias Current 



LH0001A 

LH0001AC 



MIN 

TYP 

MAX 

MIN 

TYP 

MAX 




1.0 

2.5 


2.0 

5.0 

mV 




4.0 



7.0 

mV 



20 

100 


20 

200 

nA 




300 



300 

nA 



5 

20 


20 

60 

nA 




100 



100 

nA 



80 

125 


80 

125 

HA 




150 



150 

nA 

= 100k, 

25 

60 


25 

60 


V/mV 


25 

60 


25 

60 



= 100k 

10 

30 


10 



V/mV 

°C 

10 

11.5 


10 

11.5 


V 


9 



9 



V 

Ik 

70 

90 


70 

90 


db 

J 

70 

90 


70 

90 


db 

3 C 

i 

3.0 



3.0 


juVrms 


! 

3.0 



3.0 


AtV/°C 



0.3 



0.3 


nA/°C 


Notei: The specifications apply for +5V < Vg < 20V, with output compensation capacitor, 
Ci = 39 pF, input compensation capacitor, C 2 = 22 pF, -55°C to 125°C for the LH0001A and 
-25°C to +85°C for the LH0001AC unless otherwise specified. 


typical applications 




*May be zero ohms or equal 
to source resistance for 
minimum offset. 



V, = average forward drop 
of diodes D1 to D3 
at 20 to 50 /rA. 


TTL/DTL Compatible Comparator 


Voltage Follower 


External Output Current Limiting 


2-5 


LH0001A/LH0001AC 



LH0001A/LH0001AC 









Operational Amplifiers 


LH0002/LH0002C* current amplifier 


general description 

The LH0002/LH0002C is a general purpose thick 
film hybrid current amplifier that is built on a 
single substrate. The circuit features: 

■ High Input Impedance 400 k!2 

■ Low Output Impedance 612 

■ High Power Efficiency 

■ Low Harmonic Distortion 

■ DC to 30 MHz Bandwidth 

■ Output Voltage Swing that Approaches Supply 
Voltage 

■ 400 mA Pulsed Output Current 

■ Slew rate is typically 200 V//Lts 

■ Operation from ±5V to ±20V 

These features make it ideal to integrate with an 
operational amplifier inside a closed loop configu- 
ration to increase current output. The symmetrical 


output portion of the circuit also provides a low 
output impedance for both the positive and nega- 
tive slopes of output pulses. 

The LH0002 is available in an 8-lead low-profile 
TO-5 header; the LH0002C is also available in an 
8-lead TO-5, and a 10-pin molded dual-in-line 
package. 

The LH0002 is specified for operation over the 
-55°C to +125°C military temperature range. The 
LH0002C is specified for operation over the 0°C 
to +85°C temperature range. 

applications 

■ Line driver 

■ 30 MHz buffer 

■ High speed D/A conversion 

■ Instrumentation buffer 

■ Precision current source 


schematic and connection diagrams 



Pin numbers in parentheses denote pin 
connections for dual-in-line package. 


Dual-ln-Line Package 


Metal Can Package 



Order Number LH0002CN 
See Package 21 



Order Number LH0002H 
or LH0002CH 
See Package 1 1 


typical applications 


High Current Operational Amplifier 



Line Driver 


Select capacitor to adjust time response of pulse. 



"Previously called NH0002/NH0002C 
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LH0002/LH0002C 



LH0002/LH0002C 


absolute maximum ratings 





Supply Voltage ±22V 

Power Dissipation Ambient 600 mW 

Input Voltage (Equal to Power Supply Voltage) 

Storage T emperature Range -65°C to + 1 50°C 

Operating Temperature Range LH0002 -55°C to +125°C 

LH0002C 0°C to +85° C 

Steady State Output Current ± 1 00 m A 

Pulsed Output Current (50 ms On/1 sec Off) ±400 mA 




electrical characteristics (Notei) 





PARAMETERS 

CONDITIONS 

MIN 

TYP 

MAX 

UNITS 

Voltage Gain 

R s = 10 kn, R l = 1.0 kn 

V, N = 3.0 V PP , f = 1.0 kHz 

T a = -55°C to 125°C 

.95 

.97 



AC Current Gain 

v,n = i-o v rms 

f = 1.0 kHz 


40 


A/mA 

Input Impedance 

Rs = 200 kfi, V, N = 1.0 V rms , 
f= 1.0 kHz, R l ” 1.0 kn 

180 

400 

- 

kn 

Output Impedance 

V,N = 1.0 V rms , f = 1.0 kHz 

R L = 50ft, R s = 10 kn 

- 

6 

10 

n 

Output Voltage Swing 

R l = 1.0 kn, f= 1.0 kHz 

±10 

±11 

- 

V 

Output Voltage Swing 

V s = ±15V, V, N = ±10V, 

R l = loon , T a = 25°C 

±9.5V 




DC Output Offset Voltage 

R s = 3oon, r l = i.o kn 

T A = -55° C to 125°C 

- 

±10 

±30 

mV 

DC Input Offset Current 

r s = io kn, r l = i.o kn 

T A = -55° C to 125°C 

- 

±6.0 

±10 

/iA 

Harmonic Distortion 

V| N = 5.0 V rms , f = 1.0 kHz 

- 

0.1 

- 

% 

Bandwidth 

V,N=1.0 v rms , R L =50n, 
f = 1 MHz 

30 

50 

- 

MHz 

Positive Supply Current 

r s = io kn, r l = i kn 

- 

+6.0 

+10.0 

mA 

Negative Supply Current 

r s = io kn, r l = i kn 

- 

-6.0 

-10.0 

mA 

Note 1 : Specification applies for T A = 25°C with +12V on Pins 1 and 2; -12V on Pins 6 and 7 for the 
metal can package and +12V on Pins 1 and 2; -12V on Pins 4 and 5 for the dual-in-line package unless 
otherwise specified. The parameter guarantees for LH0002C apply over the temperature range of 0°C 
to +85°C, while parameters for the LH0002 are guaranteed over the temperature range -55°C 
to 125°C. 
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INPUT OFFSET CURRENT (/jA) INPUT AND OUTPUT PULSE (V) INPUT IMPEDANCE (kfi) POWER DISSIPATION (watts) 


typical performance 

Maximum Power Dissipation 



Frequency Response 


25 50 75 100 125 150 175 

TEMPERATURE (°C) 


1.0 2.0 5.0 10.0 20.0 50.0 100 

FREQUENCY (MHz) 


Input Impedance (Magnitude & Phase) 
i .. 'i ni 1 — i i 1 1 ii i i -ioo 




Supply Current 

120 T a = 25°C, | 

1 q q .Less than ±10% change from.. 
I -55°C to 125°C 


).1 0.2 0.5 1 2 S 

FREQUENCY (MHz) 

i 10 

6.0 9.0 12.0 

SUPPLY VOLTAGE (±V) 

Positive Pulse 


Negative Pulse 


0 20 40 60 80 100 

TIME (ns) 


0 20 40 60 80 100 120 

TIME (ns) 


Input Offset Current 



i 6 8 10 12 14 16 18 20 

SUPPLY VOLTAGE (±V) 


0Z000H1/2000H 





LH0003/LH0003C 



Operational Amplifiers 


LH0003/LH0003C* wide bandwidth operational amplifier 


general description 

The LH0003/LH0003C is a general purpose opera- 
tional amplifier which features: slewing rate up to 
70 volts//Lisec f a gain bandwidth of up to 30 MHz, 
and high output currents. Other features are: 

■ Very low offset voltage Typically 0.4 mV 

■ Large output swing > ± 10V into 10012 

load 


■ High CMR R Typically > 90 dB 

■ Good large signal 50 kHz to 400 kHz de- 
frequency response pending on compensa- 
tion 

The LH0003 is specified for operation over the 
-55°C to +125°C military temperature range. The 
LH0003C is specified for operation over the 0°C 
to +85°C temperature range. 


schematic and connection diagrams 



typical applications 


Cl 



TOP VIEW 

Order Number LH0003H or LH0003CH 
See Package 14 


Circuit Gain 

c, 

pF 

c 2 

pF 

Slew Rate 

R L > 20017. V/'/isec 

Full Output Frequency 

R l 20012 V out *.10V 

>40 

> 10 

> 5 

> 2 

> 1 

0 

5 

IS 

50 

90 

0 

30 

30 

50 

90 

70 

30 

15 

5 

2 

400 . 

350 1 

250 > kHz 

100 1 

50 / 


Typical Compensation 


High Slew Rate Unity Gain Inverting Amplifier Unity Gain Follower 




•Previously called NH0003/NH0003C 
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absolute maximum ratings 

Supply Voltage 
Power Dissipation 
Differential Input Voltage 
Input Voltage 
Load Current 

Operating Temperature Range LH0003 
LH0003C 

Storage Temperature Range 

Lead Temperature (Soldering, 10 sec) 


±20V 
See curve 
±7V 

Equal to supply 
120 mA 
-55° C to +125°C 
0°C to+85°C 
— 65°C to +1 50°C 
300°C 


electrical characteristics (Notes i& 2) 


PARAMETER 

CONDITIONS 

MIN 

TYP 

MAX 

UNITS 

Input Offset Voltage 

R s < Ik 


0.4 

3.0 

mV 

Input Offset Current 



0.02 

0.2 


Input Bias Current 



0.4 

2.0 

pA 

Supply Current 

V s = ±20V 


1.2 

3 

mA 

Voltage Gam 

R l = 100k, V s = ±15V, V OUT = ±10V 

20 

70 


V/mV 

Voltage Gain 

R u = 2k, V s = ±1 5V, V OUT = ±10V 

15 

40 


V/mV 

Output Voltage Swing 

V s = ±15, R l = 100! 2 

±10 

±12 


V 

Input Resistance 

Average Temperature 



100 


k!2 

Coefficient of Offset 
Voltage 

R s <5k 


4 


pV/°C 

Average Temperature 






Coefficient of Bias 

Current 



8 


nA/°C 

CMRR 

R s < Ik, V S -=±V, V IN = ±10V 

70 

90 


dB 

PSRR 

R s < Ik, V s = ±15V, AV = 5V to 20V 

70 

90 


dB 

Equivalent Input 

R s = IK, f = 10 kHz to 100 kHz 


1.8 


/jVrms 

Noise Voltage 

V s = ±15V dc 




Note 1. These specifications apply for Pin 7 grounded, for ±5V < V s <C ±20V, with capacitor 
Ci =90 pF from Pin 1 to Pin 10 and C 2 = 90 pF from Pin 5 to ground, over 
the specified operating temperature range, unless otherwise specified. 

Note 2. Typical values are for t AMB) ENT = 25°C unless otherwise specified. 


typical performance 
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LH0003/LH0003C 




LH0004/LH0004C 


KIS Operational Amplifiers 

LH0004/LH0004C* high voltage operational amplifier 


general description 

The LH0004/LH0004C is a general purpose opera- 
tional amplifier designed to operate from supply 
voltages up to ±40V. The device dissipates ex- 
tremely low quiescent power, typically 8 mW at 
25°C and V s = ±40V. Additional features include: 

■ Capable of operation over the range of ±5V to 
±40V 

■ Large output voltage typically ±35V for the 
LH0004 and ±33V for the LH0004C into a 
2 K£2 load with ±40V supplies 

■ Low input offset current typically 20 nA for 
the LH0004 and 45 nA for the LH0004C 

■ Low input offset voltage typically 0.3 mV 

■ Frequency compensation with 2 small capacitors 

■ Low power consumption 8 mW at ±40V 


The LH0004's high gain and wide range of oper- 
ating voltages make it ideal for applications 
requiring large output swing and low power 
dissipation. 

The LH0004 is specified for operation over the 
-55°C to +125°C military temperature range. The 
LH0004C is specified for operation over the 0°C 
to +85°C temperature range. 

applications 

■ Precision high voltage power supply 

■ Resolver excitation 

■ Wideband high voltage amplifier 

■ Transducer power supply 


schematic and connection diagrams 



typical applications 



Note: Pin 7 must be grounded or connected to a voltage 
at least 5V more negative than the positive supply (Pin 9). 
Pin 7 may be connected to the negative supply; however, 
the standby current will be increased. A resistor may be 
inserted in series with Pin 7 to Pin 9. The value of the 
resistor should be a maximum of 100 Kfi per volt of 
potential between Pin 3 and Pin 9. 

Order Number LH0004H or LH0004CH 
See Package 14 


Voltage Follower 


HI* 



Input Offset 
Voltage Adjust 



"Previously called NH0004/NH0004C 


External Current High Compliance Current Source 

Limiting Method 
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absolute maximum ratings 








Supply Voltage, Continuous 


±45V 







Supply Voltage, Transient (<0.1 sec, no load) 

±60V 







Power Dissipation (See curve) 400 mW 







Differential Input Voltage 


±7V 







Input Voltage 

Equal to supply 







Short Circuit Duration 


3 sec 







Operating Temperature Range LH0004 -55°C to +125°C 








LH0004C 0 C to 85 C 







Storage Temperature Range 

-65°C to +1 50°C 







Lead Temperature (Soldering, 10 sec) 300 C 







electrical characteristics (Note i) 








PARAMETER 

CONDITIONS 

LH0004 

LH0004C 

UNITS 

MIN 

TYP 

MAX 

MIN 

TYP 

MAX 

Input Offset Voltage 

R s <5k,T A = 25°C 


0.3 

1.0 


0.3 

1.5 

mV 


R s < 5k 



2.0 



3.0 

mV 

Input Bias Current 

T a = 25°C 


20 

100 


30 

120 

nA 


= -55°C 



300 



300 

nA 

Input Offset Current 

T a = 25° C 


3 

20 


10 

45 

nA 


= -55°C 



100 



150 

nA 

Positive Supply Current 

V s = ±40V, T a = 25°C 


110 

150 


110 

150 

juA 


V s = ±40V 



175 



175 

MA 

Negative Supply Current 

V s = ±40V, T a = 25°C 


80 

100 


80 

100 

ma 


V s = ±40V 



135 



135 

MA 

Voltage Gain 

V s = ±40V, R l = 100k, T a = 25°C 

30 

60 


30 

60 


V/mV 


Vout = ±30V 









V s = ±40V, R L = 100k 

10 



10 



V/mV 


Vqut = ±30V 








Output Voltage 

V s = ±40V, R l = 2k 

±30 

±35 


±30 

±33 


V 


V s = ±40V, R L = 4k 

±34 

±36 


±33 

±35 


V 

CMRR 

V s = ±40V, R s < 5k 

70 

90 


70 

90 


dB 


V 1N = ±33V 








PSRR 

V s = ±40V, R s < 5k 

70 

90 


70 

90 


dB 


AV = 20V to 40V 








Average Temperature 

R s < 5k 


4.0 



4.0 


juV/°C 

Coefficient Offset Voltage 









Average Temperature 









Coefficient of 



0.4 



0.4 


nA/°C 

Offset Current 









Equivalent Input 

R s = Ik, V s =±40V 


3D 



3D 


juVr ms 

Noise Voltage 

f = 500 Hz to 5 kHz, T a = 25° C 







Note 1: These specifications apply for +5V < Vq < ±40V, Pin 7 grounded, with capacitors Cl 

= 39 pF between Pin 1 and 

Pin 10, C2 = 22 pF between Pin 5 and ground, -55°C to +125°C for the LH0004, and 0 C 

C to +85°C for the LH0004C unless 

otherwise specified. 
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LH0004/LH0004C 




LH0004/LH0004C 


typical performance 


Input Voltage Range 
45 I 1 1 1 T 1 



0 5 15 25 35 45 

SUPPLY VOLTAGE (±V) 


Negative Supply Current 

160 | 1 1 1 1 r r- 



o I 1 1 1 1 1 1 1 1 

0 10 20 30 40 

SUPPLY VOLTAGE (±V) 


Open Loop Frequency 
Response 


V s = ±40V 



0.1 10 Ik 100k 10M 

FREQUENCY (Hz) 


Input Bias Current 



Voltage Gain 



0 10 20 30 40 


SUPPLY VOLTAGE (±V) 



0 10 20 30 40 

SUPPLY VOLTAGE (±V) 


Output Voltage 



0 15 30 45 

SUPPLY VOLTAGE (±V) 


Large Signal 
Frequency Response 



0.1 10 Ik 100k 100M 

FREQUENCY (Hz) 


Package Power Dissipation 



0 50 100 150 

TEMPERATURE (°C) 
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LYIS Operational Amplifiers 


LH0005/LH0005A* operational amplifier 


general description 

The LH0005/LH0005A is a hybrid integrated cir- 
cuit operational amplifier employing thick film 
resistors and discrete silicon semiconductors in its 
design. The select matching of the input pairs of 
transistors results in low input bias currents and a 
very low input offset current, both of which ex- 
hibit excellent temperature tracking. In addition, 
the device features: 

■ Very high output current capability: ±50 mA 
into a 100 ohm load 

■ Low standby power dissipation: typically 
60 mW at ±12V 

■ High input resistance: typically 2IVI at 25°C 


■ Full operating range: -55°C to +125°C 

■ Good high frequency response: unity gain at 
30 MHz 

With no external roll-off network, the amplifier is 
stable with a feedback ratio of 10 or greater. By 
adding a 200 pF capacitor between pins 9 and 10, 
and a 200 ohm resistor in series with a 75 pF 
capacitor from pin 4 to ground, the amplifier is 
stable to unity gain. The unity gain loop phase 
margin with the above compensation is typically 
70 degrees. With a gain of 10 and no compensation 
the loop phase margin is typically 50 degrees. 


schematic and connection diagrams 


typical applications 

Voltage Follower 



— j — 75 pF 


'May be zero or equal to the 
input resistance for minimum 
offset 

*To minimize crossover distortion 
at higher frequencies. May be 
omitted for low frequency 
application or selected to suit 
design requirements 


Offset Balancing Circuit 

S0-100K 



•Typical value, R B = 100K. 
0UTPUT R b may be increased for greater 
sensitivity with reduction in 
range. 


^P reviously ca lled NH0005/NH0005A 




TOP VIEW 

Order Number LH0005H 
or LH0005AH 
See Package 14 


External Current Limiting 



Integrator with Bias Current Compensation 
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LH0005/LH0005A 




LH0005/LH0005A 


absolute maximum ratings 








Supply Voltage 

±20V 







Power Dissipation (see Curve) 

400 mW 







Differential Input Voltage 

±15V 







Input Voltage 

Equal to supply voltages 







Peak Load Current 

±100 mA 







Storage Temperature Range 

-65°C to +150°C 







Operating Temperature Range 

-55°C to +125°C 







Lead Temperature (Soldering, 10 seconds) 300°C 







electrical characteristics (Notei) 










LH0005 



PARAMETER 

CONDITIONS 

MIN 

Q| 






Input Offset Voltage 






■ 



25°C 

R s < 20 kft 


5 

10 



3 

mV 

-55°C, 125°C 

R s < 20 kft 



10 


1 

4 

mV 

Input Offset Current 






1 



25°C to 125°C 



10 

20 


19 

5 

nA 

-55°C 



25 

75 


10 

25 

nA 

Input Bias Current 









25° C to 125°C 



15 

50 


8 

25 

nA 

-55°C 



100 

250 


60 

125 

nA 

Large Signal Voltage Gain 









-55° C to 25°C 

R l = 10K, R2= 3K, V OU T = ±5V 

2 

4 



5.5 


V/mV 

125°C 


1.5 

3 



5 


V/mV 

Output Voltage Swing 









-55°C to 125°C 

R l = 10 kft 

-10 


+6 

-10 


+6 

V 

25°C to 125°C 

R L = 100ft 

-5 


+5 

-5 


+5 

V 

-55°C 

R L = 10017 

-4 


+4 

-4 


+4 

V 

Input Resistance 









25°C 


1 

2 


1 

2 


Mft 

Common Mode Rejection Ratio 









25°C 

V, N = ±4V, RS< 20 kft 

55 

60 


60 

66 


dB 

Power Supply Rejection Ratio 









25°C 


55 

60 


60 

66 


dB 

Supply Current (+) 









-55°C to 125°C 



3 

5 


3 

5 

mA 

Supply Current (-) 









-55°C to 125°C 



2 

4 


2 

4 

mA 

Average Temperature Coefficient 









of Input Offset Voltage 









-55°C to 125°C 

R s <20 kft 


20 



10 


uV/°C 

Output Resistance 









25° C 

1 


70 



70 


ft 

Note 1: These specifications apply for pin 6 grounded, V s = ±12V, with Resistor R, 

= 







i 2000 in series with Capacitor C, = 75 pF from pin 4 to ground, and C 2 = 200 pF between 







pins 9 and 10 unless otherwise specified. 
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GAIN (dB) OUTPUT VOLTAGE SWING (V) INPUT BIAS CURRENT (n A) 


guaranteed performance characteristics 



SUPPLY VOLTAGE (±V) 


Maximum Power Dissipation 



0 25 50 75 100 125 

TEMPERATURE (°C) 


typical performance characteristics 



-55 -35-15 5 25 45 65 85 105125 145 


TEMPERATURE (°C) 



9 10 11 12 13 14 15 


SUPPLY VOLTAGE (±V) 


Loaded Output Voltage Swing 

10 


> 8 

| 7 

£ 6 

S 5 

5 4 

S 3 

I 2 

° 1 

o 

0.1 K IK 10K 100K IN 

FREQUENCY (Hz) 



DC Output Voltage Swing 


Positive Output Voltage Swing 


Negative Output Voltage Swing 







LH0005C 


IMS Operational Amplifiers 


LH0005C* operational amplifier 
general description 

The LH0005C is a hybrid integrated circuit opera- 
tional amplifier employing thick film resistors 
and discrete silicon semiconductors in its design. 
The select matching of the input pairs of transis- 
tors results in low input bias currents and a very 
low input offset current both of which exhibit 
excellent temperature tracking. In addition, the 
device features: 

■ Very high output current capability: ±40 mA 
into a 100 ohm load 

■ Low standby power dissipation: typically 
60 mW at ± 1 2 V 

■ High input resistance: typically 2M at 25° C 


■ Operating range: 0° to 70°C 

■ Good high frequency response: unity gain at 
30 MHz 

With no external roll-off network, the amplifier is 
stable with a feedback ratio of 10 or greater. By 
adding a 200 pF capacitor between pins 9 and 10, 
and a 200 ohm resistor in series with a 75 pF 
capacitor from pin 4 to ground, the amplifier is 
stable to unity gain. The unity gain loop phase 
margin with the above compensation is typically 
70 degrees. With a gain of 10 and no compensation 
the loop phase margin is typically 50 degrees. 


schematic and connection diagrams 


INPUT FREQUENCY OUTPUT FREQUENCY 

COMPENSATION COMPENSATION 




TOP VIEW 

Order Number LH0005CH 
See Package 14 


typical applications 

Voltage Follower 


R.‘ 



Offset Balancing Circuit 



•Typical value, R B = 100K, R B may be increased 
for greater sensitivity with reduction in range. 


•Previously called NH0005C 


External Current Limiting 



For continuous short circuit protection (V s = ±12V, 0°C ^ T A < 70°C, R UM £ 50n) 
‘V f = average forward voltage drop of diodes 01 to D4 at approximately 1 mA. 

Integrator With Bias Current Compensation 
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absolute maximum ratings 

Supply Voltage ±20V 

Power Dissipation (see Curve) 400 mW 

Differential Input Voltage ±15V 

Input Voltage Equal to supply voltages 

Peak Load Current ±100 mA 

Storage Temperature Range -55° C to +125°C 

Operating Temperature Range 0°C to 85°C 

Lead Temperature (soldering, 10 sec) 300° C 


electrical characteristics 


PARAMETER 

CONDITIONS 

LH0005C 

UNITS 

MIN 

TYP 

MAX 


(Note 2) 


Input Offset Voltage 

R s < 20 k!2 


3 

10 

mV 

Input Offset Current 



5 

25 

nA 

Input Bias Current 



20 

100 

nA 

Large Signal Voltage Gain 

R L = 10K, R2 = 3K, Vqut = ±5V 

2 

5 


V/mV 

Output Voltage Swing 

R L = 10 k!2 

-10 


+6 

V 


R L = 10012 

-4 

±6 

+4 

V 

Input Resistance 

T a = 25°C 

0.5 

2 


M12 

Common Mode Rejection Ratio 

V in = ±4V, R s < 20 kQ, T a = 25°C 

i 

50 

60 


dB 

Power Supply Rejection Ratio 

T a = 25°C 

50 

60 


dB 

Supply Current (+) 



3 

5 

mA 

Supply Current (-) 



2 

4 

mA 


Note 1 : These specifications apply for pin 6 grounded, Vg = ± 1 2V, with Resistor R 1 = 200S7 in series 
with Capacitor Cl = 75 pF from pin 4 to ground, and C2 = 200 pF between pins 9 and 10, over the 
temperature range of 0°C to +85°C unless otherwise specified. 

Note 2: Typical values are for 25°C only. 


1000 
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E 600 
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| 400 
ec 300 
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LH0005C 




LH0020/LH0020C 


Operational Amplifiers 


LH0020/LH0020C* high gain instrumentation 
operational amplifier 


general description 

The LH0020/LH0020C is a general purpose opera- 
tional amplifier designed to source and sink 50 mA 
output currents. In addition to its high output 
capability, the LH0020/LH0020C exhibits excel- 
lent open loop gain, typically in excess of 100 dB. 
The parameters of the LH0020 are guaranteed 
over the temperature range of -55°C to +125°C 
and ±15V <[ V s <[ ±22 V, while those of the 
LH0020C are guaranteed over the temperature 
range of 0°C to 85°C and ^ ±5V < V s < ±18V. 
Additional features include: 

■ Low offset voltage typically 1.0 mV at 25°C 
over the entire common mode voltage range. 


■ Low offset current typically 10 nA at 25 Cfor 
the LH0020 and 30 nA for the LH0020C. 

■ Offset voltage is adjustable to zero with a single 
potentiometer. 

■ ±14V, 50 mA output capability. 

Output current capability, excellent input char- 
acteristics, and large open loop gain make the 
LH0020/LH0020C suitable for application in a 
wide variety of applications from precision dc 
power supplies to precision medium power 
comparator. 


schematic and connection diagrams 


OUTPUT 

FREQUENCY 

COMPENSATION 



4 I 9 I 

INPUT GND 
COMPEN- 
SATION 



Order Number LH0020G or LH0020CG 
See Package 6 


typical applications 


Offset Adjustment 


Unity Gain Frequency Compensation 



i n 

6 

5000 pF 

N. 2, If— H 


NPlP 

LH0020 "1 ► 


11 




\ * Rs ' 


^Previously called NH0020/NH0020C 
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absolute maximum ratings 

Supply Voltage ±22V 

Power Dissipation 1 -5W 

Differential Input Voltage ±30V 

Input Voltage (Note 1 ) ±15V 

Output Short Circuit Duration Continuous 

Operating Temperature Range LH0020 -55°C to +125°C 

LH0020C 0°C to 85° C 

Storage Temperature -65°C to +150 C 

Lead Temperature (Soldering, 10 sec) 300 C 

electrical characteristics 


PARAMETER 

CONDITIONS 

1 LH0020 1 

LH0020C 

UNITS 

TEMP °C 

MIN 

TYP 

MAX 

TEMP °C 

MIN 

TYP 

MAX 


Input Offset 

R s < 10k 

25 


1.0 

2.5 

25 


1.0 

6.0 

mV 

Voltage 


-55 to +125 


2.0 

4.0 

0 to 85 


3.0 

7.5 

mV 

Input Offset 


25 


10 

50 

25 


30 

200 

nA 

Current 


-55 to +125 



100 

0 to 85 



300 

nA 

Input Bias 


25 


60 

250 

25 


200 

500 

nA 

Current 


-55 to +125 



500 

0 to 85 



800 

nA 

Supply Current 

V s =±15V 

25 


3.5 

5.0 

25 


3.6 

6.0 

mA 

Input Resistance 


25 

0.6 

1.0 


25 

0.3 

1.0 


M12 

Large Signal 

V s = ±1 5V, R L = 30012, V Q = ± 10V 

25 

100 

300 


25 

50 

150 


V/mV 

Voltage Gain 

V S = ±15V, R L = 30012, V o = ±10V 

-55 to +125 

50 



0 to 85 

30 



V/mV 

Output Voltage 

V s = ±15V, R l = 30012 

25 

14.2 

14.5 


25 

14.0 

14.2 


V 

Swing 


-55 to +125 

14.0 



0 to 85 

13.5 



V 

Output Short 

Vg = ±15V 

25 


100 

130 

25 

25 

120 

140 

mA 

Circuit Current 

R l = 012 










Input Voltage 

Vg =±15V 

-55 to +125 

±12 



0 to 85 

±12 



V 

Range 










V 

Common Mode 

Rg ^ 10k 

-55 to +125 

90 

96 


0 to 85 

90 

96 


dB 

Rejection Ratio 











Power Supply 

R s ^ 10k 

-55 to +125 

90 

96 


0 to 85 

90 

96 


dB 


Rejection Ratio! 


Note 1: For supply voltages less than ±15V, the absolute maximum input voltage is equal to the supply voltage. 

Note 2: These specifications apply for ±5V < Vg < ±22V for the LH0020, ±5V < V§ < ±18V for the LH0020C. pin 9 
grounded, and a 5000 pF capacitor between pins 2 and 3, unless otherwise specified. 
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LH0020/LH0020C 




LH0021/LH0021C , LH0041/LH0041C 


IMS Operational Amplifiers 


LH0021/LH0021C 1.0 amp power operational amplifier 
LH0041/LH0041C 0.2 amp power operational amplifier 


general description 

The LH0021/LH0021C and LH0041/LH0041C are 
general purpose operational amplifiers capable of 
delivering large 'output currents not usually asso- 
ciated with conventional 1C Op Amps. The LH0021 
will provide output currents in excess of one 
ampere at voltage levels of ±12V; the LH0041 
delivers currents of 200 mA at voltage levels 
closely approaching the available power supplies. 
In addition, both the inputs and outputs are pro- 
tected against overload. The devices are compen- 
sated with a single external capacitor and are free 
of any unusual oscillation or latch-up problems. 

features 

■ Output current 1 .0 Amp (LH0021 ) 

0.2 Amp (LH0041 ) 

■ Output voltage swing ±1 2V into 10£2 (LH0021 ) 

±14V into 100S2 (LH0041) 

■ Wide full power bandwidth 15 kHz 

■ Low standby power 100mWat±15V 

■ Low input offset 

voltage and current 1 mV and 20 nA 


■ High slew rate 3.0V/jUs 

■ High open loop gain 100 dB 

The excellent input characteristics and high out- 
put capability of the LH0021 make it an ideal 
choice for power applications such as DC servos, 
capstan drivers, deflection yoke drivers, and pro- 
grammable power supplies. 

The LH0041 is particularly suited for applications 
such as torque driver for internal guidance systems, 
diddle yoke driver for alpha-numeric CRT displays, 
cable drivers, and programmable power supplies 
for automatic test equipment. 

The LH0021 is supplied in a 8 pin TO-3 package 
rated at 20 watts with suitable heatsink. The 
LH0041 is supplied in both 12 pin TO-8 (2.5 
watts with clip on heatsink) and a power 8 pin 
ceramic DIP (2 watts with suitable heatsink). The 
LH0021 and LH0041 are guaranteed over the 
temperature range of -55°C to +125°C while the 
LH0021C and LH0041C are guaranteed from -25°C 
to +85 U C 


schematic and connection diagrams 


*R SC external on T0-8 and 
T0-3 packages. R sc internal 
on "J" package. Offset Null 
connections available only 
on T0-8 "G" package. 



TO-3 Package 



Order Number 
LH0021 K or LH0021CK 
See Package 19 


TO-8 Package 



LH0041G or LH0041CG 
See Package 6 


Ceramic DIP 





V- 


TOP VIEW 

Order Number 
LH0041CJ 
See Package 15 
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absolute maximum ratings 


Supply Voltage ±18V 

Power Dissipation See curves 

Differential Input Voltage ±30V 

Input Voltage (Note 1) ±15V 

Peak Output Current (Note 2) LH0021/LH0021C 2.0 Amps 

LH0041/LH0041C 0.5 Amps 

Output Short Circuit Duration (Note 3) Continuous 

Operating Temperature Range LH0021/LH0041 -55°C to +1 25°C 

LH0021C/LH0041C -25°C to +85°C 

Storage Temperature Range -65°C to +150°C 

Lead Temperature (Soldering, 10 sec) 300°C 


dc electrical characteristics for LH0021/LH0021C (Note 4) 


Input Offset Voltage 

Voltage Drift with Temperature 
Offset Voltage Drift with Time 
Offset Voltage Change with Output Power 
Input Offset Current 


R s ^ lOkft, T c = 25 C 
R s ^ 10 kfi 
R s ^ 10 kfi 


Offset Current Drift with Temperature 
Offset Current Drift with Time 


Input Resistance 

Input Capacitance 

Common Mode Rejection Ratio 

Input Voltage Range 

Power Supply Rejection Ratio 

Voltage Gain 


Output Voltage Swing 

Output Short Circuit Current 
Power Supply Current 
Power Consumption 


R s ^10kft. AV cm = ±10V 
V s = ± 1 5V 

R s <- 10kS2, AV S = ±10V 
V s = ±15V, V 0 = ±10V 
R L = 1 kJ2,T c = 25° C, 

V s = ±15V, V o = ±10V 

r l = iooa 

v s = ±i5v, r l = loon 

v s = ±i5v, r l = ion 

V s = ±15V, T c = 25°C,R sc = 0.5n 


ac electrical characteristics for lhoo2i/lhoo2ic (t a = 25°c, v s = ±i5v, c c = 3ooopF) 


Slew Rate 

A v = +1, r l = ioon 

1.5 

3.0 


1.0 

3.0 


V/ps 

Power Bandwidth 

r l = ioon 


40 



40 


kHz 

Small Signal Transient Response 



0.3 

1.0 


0.3 

1.5 

MS 

Small Signal Overshoot 



5 

20 


10 

30 

% 

Settling Time (0.1%) 

AV in = 10V, A v = +1 


4 



4 


Ms 

Overload Recovery Time 



3 



3 


MS 

Harmonic Distortion 

f = 1 kHz, Po = 0.5W 


0.2 



0.2 


% 

Input Noise Voltage 

R s = 50n, B.W. = 10 Hz to 10 kHz 


5 



5 


pV/rms 

Input Noise Current 

B.W. = 10 Hz to 10 kHz 


0.05 



0.05 


nA/rms 
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LH0021/LH0021C, LH0041/LH0041C 






LH0021/LH0021C . LH0041/LH0041C 


dc electrical characteristics for lhoo4i/lhoo4ic (Note 4) 



LIMITS 

■MH 

PARAMETER 

CONDITIONS 

LH0041 

LH0041C 

. 




TYP 


mlkm 

TYP 

mojji 

mm 

Input Offset Voltage 

R s ^ lOkft, T A = 25°C 


1.0 

3.0 


3.0 

6.0 

mV 


R s £ 10 kft 



5.0 



7.5 

mV 

Voltage Drift with Temperature 

R s <L 10 kft 


3 



5 


MV/°C 

Offset Voltage Drift with Time 



5 



5 


MV/week 

Offset Voltage Change with Output Power 



15 



15 


MV/watt 

Offset Voltage Adjustment Range 

(Note 5) 


20 



20 


mV 

Input Offset Current 

T a = 25°C 


30 

100 


50 

200 

nA 





300 



500 

nA 

Offset Current Drift with Temperature 



0.1 

1.0 


0.2 

1.0 

nA/°C 

Offset Current Drift with Time 



2 



2 


nA/week 

Input Bias Current 

T a = 25°C 


100 

300 


200 

500 

nA 





1.0 



1.0 

MA 

Input Resistance 

T a = 25°C 

0.3 

1.0 


0.3 

1.0 


Mft 

Input Capacitance 



3 



3 


pF 

Common Mode Rejection Ratio 

R s £10kft.AV C M = ±10V 

70 

90 


70 

90 


dB 

Input Voltage Range 

> 

> 

±12 



±12 



V 

Power Supply Rejection Ratio 

R s <, 10 kft, AV S = ±10V 

80 

96 


70 

90 


dB 

Voltage Gain 

V s = ±15V, V Q = ±10V 

R l = 1 kft, T A = 25°C 

V s = ±15V, V 0 = ±10V 

100 

200 


100 

200 


V/mV 


R l = 100ft 

25 



20 



V/mV 

Output Voltage Swing 

v s = ±i5v, r l = iooft 

±13.0 

14.0 


±13.0 

±14.0 


V 

Output Short Circuit Current 

V s = ±15V, T A - 25°C 


200 

300 


200 

300 

mA 


(Note 6) 








Power Supply Current 

V S = ±15V, V OU T = 0 


2.5 

3.5 


3.0 

4.0 

mA 

Power Consumption 

V S =±15V, V OU T = 0 


75 

105 


90 

120 

mW 

ac electrical characteristics for lhoo4i/lhoo4ic (t a = 25°c, v s = 

±15V, C c = 3000 pF) 

Slew Rate 

A v = +1, R l = 100ft 

1.5 

3.0 


1.0 

3.0 


V/ms 

Power Bandwidth 

R l = 100ft 


40 



40 


kHz 

Small Signal Transient Response 



0.3 

1.0 


0.3 

1.5 

Ms 

Small Signal Overshoot 



5 

20 


10 

30 

% 

Settling Time (0.1%) 

AV, n = 10V, A v = +1 


4 



4 


Ms 

Overload Recovery Time 



3 



3 


Ms 

Harmonic Distortion 

f = 1 kHz, P 0 = 0.5W 


0.2 



0.2 


% 

Input Noise Voltage 

R s = 50ft, B.W. = 10 Hz to 10 kHz 


5 



5 


MV/rms 

Input Noise Current 

B.W. = 10 Hz to 10 kHz 


0.05 



0.05 


nA/rms 

Note 1 : Rating applies for supply voltages above ±1 5V. For supplies less than ±15V, rating is equal to supply voltage. 


Note 2: Rating applies for LH0041G and LH0021 K with R$c - Oft. 

Note 3: Rating applies as long as package power rating is not exceeded. 







Note 4: Specifications apply for ±5V < V s ± 1 8V. and -55°C < T C = < 1 25°C for LH0021 K and LH0041 G, and -25°C < 

T C < +85°C for LH0021CK, LH0041CG and LH0041CJ unless otherwise specified. Typical values are for 25°C only. 


Note 5: TO-8 "G" packages only. 









Note 6: Rating applies for "J" DIP package and for TO-8 "G" package with RgQ = 3.3 ohms. 








SHORT CIRCUIT CURRENT (mA) OUTPUT VOLTAGE (V) OUTPUT VOLTAGE (±V) POWER DISSIPATION (W) 



_ LH0041J & ^ 

LH0041G W/Rsc = 3, 
1 1 1 1 

3n 











■■ 

LH0041G, 

Rsc “ 6.2ft 

— 



5 0 25 50 75 100 125 

5 

10 15 

20 

5 10 15 

CASE TEMPERATURE (°C) 


SUPPLY VOLTAGE (±V) 


SUPPLY VOLTAGE (±V) 


LH0021/LH0021C , LH0041/LH0041C 









LH0021/LH0021C, LH0041/LH0041C 






typical applications (con't) 
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LH0021/LH0021C , LH0041/LH0041C 




LH0021/LH0021C,LH0041/LH0041C 


auxiliary circuits 




LH0021 Unity Gain Circuit with 
Short Circuit Limiting 


LH0041G Unity Gain with 
Short Circuit Limiting 



LH0041/LH0021 Offset Voltage Null Circuit LH0041G Offset Voltage Null Circuit * 

(LH0041CJ Pin Connections Shown)* 

POSITIVE NEGATIVE 

36V < V*< 10V 




Operation from Single Supplies 




Operation from Non-Symmetrical Supplies 


*For additional offset null circuit techniques see National Linear Applications Handbook. 
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Operational Amplifiers 


LVS 

LH0022/LH0022C* high performance FET op amp 
LH0042/LH0042C low cost FET op amp 
LH0052/LH0052C precision FET op amp 


general description 

The LH0022/LH0042/LH0052 are a family of 
FET input operational amplifiers with very closely 
matched input characteristics, very high input 
impedance, and ultra-low input currents with no 
compromise in noise, common mode rejection 
ratio, open loop gain, or slew rate. The internally 
laser nulled LH0052 offers 200 microvolts maxi- 
mum offset and 5/iV/°C offset drift. Input offset 
current is less than 100 femtoamps at room tem- 
perature and 100 p A maximum at 125°C. The 
LH0022 and LH0042 are not internally nulled but 
offer comparable matching characteristics. All de- 
vices in the family are internally compensated and 
are free of latch-up and unusual oscillation prob- 
lems. The devices may be offset nulled with a 
single 10k trimpot with neglible effect in CMRR 

The LH0022, LH0042 and LH0052 are specified 
for operation over the -55°C to +125°C military 
temperature range. The LH0022C, LH0042C and 
LH0052C are specified for operation over the 
-25°C to +85°C temperature range. 

features 

■ Low input offset current— 1 00 femtoamps max. 
(LH0052) 


■ Low input offset drift- 5juV/°C max (LH0052) 

■ Low input offset voltage — 100 microvolts-typ. 

■ High open loop gain — 100 dB typ. 

■ Excellent slew rate — 3.0 V/jUs typ. 

■ Internal 6 dB/octave frequency compensation 

■ Pin compatible with standard 1C op amps (TO-5 
package) 

The LH0022/LH0042/LH0052 family of 1C op 
amps are intended to fulfill a wide variety of appli- 
cations for process control, medical instrumenta- 
tion, and other systems requiring very low input 
currents and tightly matched input ‘offsets. The 
LH0052 is particularly suited for long term high 
accuracy integrators and high accuracy sample 
and hold buffer amplifiers. The LH0022 and 
LH0042 provide low cost high performance for 
such applications as electrometer and photocell 
amplification, pico-ammeters, and high input im- 
pedance buffers. 

Special electrical parameter selection and custom 
built circuits are available on special request. 


schematic and connection diagrams 


Dual-ln-Line Package 


Metal Can Package 





Order Number LH0022D or 
LH0022CD or LH0042D or 
LH0042CDor LH0052D or 
LH0052CD 
See Package 1 


Order Number LH0022H or LH0022CH or 
LH0042H or LH0042CH or LH0052H or 
LH0052CH 
See Package 9 


Order Number LH0022F or 
LH0022CF or LH0042F or 
LH0042CF 
See Package 3 



*Previously Called NH0022/NH0022C 
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LH0022/LH0022C , 

LH0042/LH0042C . LH0052/LH0052C 





LH0022/LH0022C. 

LH0042/LH0042C LH0052/LH0052C 


absolute maximum ratings 

Supply Voltage ±22 V 

Power Dissipation (see graph) 500 mW 

Input Voitage (Note 1) ±15V 

Differential Input Voltage (Note 2) ±30V 

Voltage Between Offset Null and V” ±0.5V 

Short Circuit Duration Continuous 

Operating Temperature Range 

LH0022, LH0042, LH0052 -55°C to +1 25°C 

LH0022C, LH0042C, LH0052C -25°C to +85°C 

Storage T emperature Range -65°C to +1 50° C 

Lead Temperature (Soldering, 10 sec) 300°C 


dc electrical characteristics For LH 0022 /LH 0022 C (Note 3) 


R s ^100 kfi; T A = 25° C 


3.5 6.0 mV 


Temperature Coefficient of 
Input Offset Voltage 

Offset Voltage Drift with Tin 


1.0 5.0 pA 


Temperature Coefficie 
Input Offset Currer 


Doubles every 10°C 


Doubles every 10°C 


Temperature Coefficient of 
Input Bias Current 


Doubles every 10°C 


Common Mode Input Resistance 


Common Mode Rejectio 
Supply Voltage Rejectio 


Large Signal Voltage Gain 


Output Voltage Swing 


R s <. 10kn,V IN = ±10V 
R s £10kfi,±5V^V s <±15V 

R L = 2kn, V OUT = ±10V ( 

T a = 25°C, V s = ±15V 
R l = 2 k!2, V OUT = ±10V, 

V S = ±15V 

R, = 1 kft, T a = 25° C, 


Vqut = ±10V, T A = 25 C 


Output Short Circuit Current 
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dc electrical characteristics for lhoo42/lhoo42c 

(T a = 25°C, V s = ±15V; unless otherwise specified) 


PARAMETER 

CONDITIONS 

LIMITS 

UNITS 

LH0042 

LH0042C 

MIN 

TYP 

MAX 

MIN 

TYP 

MAX 

Input Offset Voltage 

R s < 100 k ft; ±5V £ V s < 20V 


5.0 

20 


6.0 

20 

mV 

Temperature Coefficient of 

R s < 100 kft 


5 



10 


pV/°C 

Input Offset Voltage 









Offset Voltage Drift with Time 



7 



10 


pV/week 

Input Offset Current 



1 

5 


2 

10 

PA 

Temperature Coefficient of 


Doubles every 10°C 

Doubles every 10°C 


Input Offset Current 









Offset Current Drift with Time 



0.1 



0.1 


pA/week 

Input Bias Current 



10 

25 


15 

50 

pA 

Temperature Coefficient of 


Doubles every 10°C 

Doubles every 10°C 


Input Bias Current 









Differential Input Resistance 



10 12 



10 12 


n 

Common Mode Input Resistance 



10 12 



10 12 


n 

Input Capacitance 



4.0 



40 


pF 

Input Voltage Range 


±12 

±13.5 


±12 

±13.5 


V 

Common Mode Rejection Ratio 

R s <10kft.V, N = ±10V 

70 

86 


70 

80 


dB 

Supply Voltage Rejection Ratio 

R s < 10 kft, ±5V < V s < ±15V 

70 

86 


70 

80 


dB 

Large Signal Voltage Gain 

R L = 1 kft, V OUT = ±10V 

50 

150 


25 

100 


V/ mV 

Output Voltage Swing 

R t = 1 kft 

±10 

±12.5 


±10 

±12 


V 

Output Current Swing 

V OU T = ±10V 

±10 

±15 


±10 

±15 


mA 

Output Resistance 



75 



75 


n 

Output Short Circuit Current 



20 



20 


mA 

Supply Current 



2.5 

3.5 


2.8 

4.0 

mA 

Power Consumption 




105 



120 

mW 


dc electrical characteristics For lhoo52/lhoo52c (Note 3) 




LIMITS 


PARAMETER 

CONDITIONS 

LH0052 

LH0052C 

UNITS 



MIN 

TYP 

MAX 

MIN 

TYP 

MAX 


Input Offset Voltage 

R s < 100 k£2 ; V s = ±15V, 

T a = 25°C 


0.1 

0.5 


0.2 

1.0 

mV 


r s < ioo kn,.v s = ±i5v 



1.0 



1.5 

mV 

Temperature Coefficient of 

R s < 100 k n 


2 

5 


5 

10 

pV/° C 

Input Offset Voltage 









Offset Voltage Drift with Time 



2 



4 


pV/week 

Input Offset Current 

T a = 25°C 


0.01 

0.1 


0.02 

0.2 

pA 





100 



100 

pA 

Temperature Coefficient of 


Doubles every 10°C 

Doubles every 10°C 


Input Offset Current 









Offset Current Drift with Time 



<0.1 



<0.1 


pA/week 

Input Bias Current 

T a = 25°C 


0.5 

1.0 


1.0 

5.0 

pA 





500 



500 

pA 

Temperature Coefficient of 


Doubles every 

10°C 

Doubles every 10°C 


Input Bias Current 









Differential Input Resistance 



10 12 



10 12 


n 

Common Mode Input Resistance 



10 12 



10 12 


n 

Input Capacitance 



4.0 



4.0 


pF 

Input Voltage Range 

V s = ±15V 

±12 

±13.5 


±12 

±13.5 


V 

Common Mode Rejection Ratio 

R s <10kn, V IN = ±10V 

80 

90 


76 

90 


dB 

Supply Voltage Rejection Ratio 

R s < 10 kO, ±5V<V S <±15V 

80 

90 


76 

90 


dB 

Large Signal Voltage Gam 

R L = 2ki2,V O uT = ±10V, 

V S =±15V, T a = 25°C 

100 

200 


75 

160 


V/mV 


R l = 2kn,V OUT =±10V, 

V s = ±15V 

50 



50 



V/mV 

Output Voltage Swing 

R l - 1 kJ2, T a = 25°C 

V s = ±15V 

±10 

±12.5 


±10 

±12 


V 


R L = 2 kfi, V s = ±15V 

±10 



±10 



V 

Output Current Swing 

V OU T = -10V, T a = 25°C 

±10 

±15 


±10 

±15 


mA 

Output Resistance 



75 



75 


n 

Output Short Circuit Current 



25 



25 


mA 

Supply Current 

V s = ±15V 


3.0 

3.5 


3.0 

3.8 

mA 

Power Consumption 

V s = ±15V 



10.5 



114 

mW 
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LH0022/LH0022C > 

LH0042/LH0042C , LH0052/LH0052C 




ac electrical characteristics For aii amplifiers (t a = 25° c, v s 


PARAMETER 

CONDITIONS 

Slew Rate 

Voltage Follower 

Large Signal Bandwidth 

Voltage Follower 

Small Signal Bandwidth 


Rise Time 


Overshoot 


Settling Time (0.1 %) 

AV, n = 10V 

Overload Recovery 


Input Noise Voltage 

R s = 10 kS2, f Q = 10 Hz 

Input Noise Voltage 

R s = lOkfi, f c = 100 Hz 

Input Noise Voltage 

R s = 10 k£2, f D = 1 kHz 

Input Noise Voltage 

R s = 10 kS2, f D = 10 kHz 

Input Noise Voltage 

BW = 10 Hz to 10 kHz, R s = 10 kft 

Input Noise Current 

BW = 10 Hz to 10 kHz 



Note 1: For supply voltages less than ±15\/ f the absolute maximum input voltage is equal to the supply voltage. 

Note 2: Rating applies for minimum source resistance of 10 kfi, for source resistances less than 10 kfi, maximum differential 
input voltage is ±5V. 

Note 3: Unless otherwise specified, these specifications apply for ±5V < V$ < ±20V and -55°C < T A < ±125°C for the 
LH0022, LH0042 and LH0052 and — 25° C < T A +85°C for the LH0022C and LH0052C. Typical values are given for 
T a = 25° C. 


auxiliary circuits (shown for TO-5 pin out) 




Note: All diodes are ultra low leakage. ' 

Protecting Inputs From ±150V Transients 



Boosting Output Drive to ±100 mA 


typical applications 




| POLYSTYRENE 

Alternate Low Drift Sample 


Precision Voltage Comparator 
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LH0022/LH0022C, 

LH0042/LH0042C,LH0052/LH0052C 


typical performance characteristics 


Maximum Power Dissipation 



0 50 100 150 200 


Input Offset Current 
vs Temperature 


Input Bias Current vs 
Temperature 



25 45 65 85 105 125 



25 45 65 85 105 125 


TEMPERATURE (°C) 


T -TEMPERATURE (°C) 


T- TEMPERATURE (°C) 


Input Bias Current vs Input 



-10 -6 -2 2 6 10 
COMMON MODE INPUT VOLTAGE (V) 


Input Offset Current 
vs Temperature 



-60 -20 20 60 100 140 

TEMPERATURE (°C) 


Offset Error (Without 


Vqs Null) 
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100K 1M 10M 100M 1000M 

INPUT SOURCE RESISTANCE (n) 


Offset Error (Without 
Vqs Null) 



Total Input Noise Voltage* 
vs Source Resistance 


Total Input Noise Voltage* 
vs Frequency 



Ik 10k 100k 1M 10M 

SOURCE RESISTANCE (S2) 



10 100 Ik 10k 100k 

FREQUENCY (Hz) 


Common Mode Input Voltage 



Stabilization Time of Input 
Offset Voltage from Power 
Turn-On 



0 12 3 4 


SUPPLY VOLTAGE (±V) 


TIME FROM POWER APPLICATION (MIN) 


Change in Input Offset 
Voltage Due to Thermal 
Shock vs Time 
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RELATIVE VALUE OUTPUT VOLTAGE (V) PEAK TO PEAK OUTPUT SWING (V) SUPPLY CURRENT (mA) 



10 15 

20 

100 

Ik 10k 100k 

1M 

1 10 100 Ik 10k 100k INI 10M 

SUPPLY VOLTAGE (±V) 



FREQUENCY (Hz) 


FREQUENCY (Hz) 


LH0022/LH0022C, 

LH0042/LH0042C.LH0052/LH0052C 





LH0023/LH0023C.LH0043/LH0043C 



Operational Amplifiers 


LH0023/LH0023C, LH0043/LH0043C 


sample and hold circuits 
general description 

The LH 0023/ LH 0023C and LH0043/LH0043C 
are complete sample and hold circuits including 
input buffer amplifier, FET output amplifier, 
analog signal sampling gate, TTL compatible logic 
circuitry and level shifting. They are designed to 
operate from standard ±15V DC supplies, but 
provision is made on the LH0023/LH0023C for 
connection of a separate +5V logic supply in 
minimum noise applications. The principal differ- 
ence between the LH0023/LH0023C and the 
LH0043/LH0043C is a 10:1 trade-off in perfor- 
mance on sample accuracy vs sample acquisition 
time. Devices are pin compatible except that TTL 
logic is inverted between the two types. 

The LH0023/LH0023C and LH0043/LH0043C 
are ideally suited for a wide variety of sample and 

features 

LH0023/LH0023C 

■ Sample accuracy— 0.01% max 

■ Hold drift rate-0.5 mV/sec typ 

■ Sample acquisition time— 100 jus max for 20V 

■ Aperture time— 1 50 ns typ 

■ Wide analog range— ±10V min 

■ Logic input— TTL/DTL 

■ Offset adjustable to zero with single 10k pot 

■ Output short circuit proof 


hold applications including data acquisition, 
analog to digital conversion, synchronous demodu- 
lation, and automatic test setup. They offer 
significant cost and size reduction over equivalent 
module or discrete designs. Each device is available 
in a hermetic TO-8 package and are completely 
specified over both full military and instrument 
temperature ranges. 

The LH0023 and LH0043 are specified for opera- 
tion over the -55°C to +125°C military tempera- 
ture range. The LH0023C and LH0043C are 
specified for operation over the -25°C to +85°C 
temperature range. 


features 

LH0043/LH0043C 

■ Sample acquisition time— 15 jus max for 20V 

4 jus typ for 5V 

■ Aperture time-20 nS typ 

■ Hold drift rate-1 mV/sec typ 

■ Sample accuracy— 0.1% max 

■ Wide analog range— ±10V min 

■ Logic input— TTL/DTL 

■ Offset adjustable to zero with single 10k pot 

■ Output short circuit proof 


block and connection diagrams 


LH0023/LH0023C 


LH0043/LH0043C 



Order Number LH0023G or 
LH0023CG or LH0043G or 
LH0043CG 
See Package 6 



OFFSET 
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absolute maximum ratings 

Supply Voltage (V + and V - ) 

Logic Supply Voltage (V cc ) LH0023, LH0023C 
Logic Input Voltage (V 6 ) 

Analog Input Voltage (V 5 ) 

Power Dissipation 

Output Short Circuit Duration 

Operating Temperature Range LH0023, LH0043 


Storage Temperature Range 
Lead Soldering (10 sec) 


±20V 

H0023, LH0023C +7.0V 

+5.5V 
±15V 
See graph 
Continuous 

LH0023, LH0043 -55°C to +125°C 

LH0023C, LH0043C -25°C to +85°C 

-65° C to +1 50°C 
300° C 


electrical characteristics lhoo23/lhoo 23C (Note i) 


PARAMETER 


Sample (Logic "1") 
Input Voltage 

Sample (Logic “1") 
Input Current 

Hold (Logic "0”) 
Input Voltage 

Hold (Logic "0”) 
Input Current 

Analog Input 
Voltage Range 

Supply Current — l 10 
Supply Current — l 12 

Supply Current — l 8 
Sample Accuracy 
DC Input Resistance 

Input Current — l 5 
Input Capacitance 
Leakage Current — 
pin 1 

Drift Rate 

Drift Rate 

Drift Rate 

Aperture Time 
Sample Acquisition 
Time 

Output Amplifier 
Slew Rate 


CONDITIONS 

V cc = 4.5V 

V 6 = 2.4V, V cc = 5.5V 
V cc = 4.5V 

V 6 = 0.4V, V cc = 5.5V 


V 5 = 0V, V 6 = 2 V, 

V-i, =ov 

Vg = 0V, v 6 = 0.4V, 

V„ =0V 

Vg = 5.0V, Vg = 0 
v out = ±10v (Full Scale) 


Sample Mode 
Hold Mode 
Sample Mode 


V 5 = ±10V; V n = ±10V, 
T a =25°C 

V 5 = ±10V; V n = ±10V 

Vquj = ± 5V, C s =0.01 jtiF, 
T a = 25° C 

V O ut = ± 10V, 

C s = 0.01 juF, T a = 25°C 

v OUT = ±iov, 
c s = 0.01 Ilf 


AV out = 20V, 
C s =0.01 juF 


Output Offset Voltage R s < 10k, V 5 = 0V, V 6 = 0V 
(without null) 


Analog Voltage 
Output Range 


R L >1k, T A = 25°C 
R L ^2k 


| LIMITS j 


LH0023 


LH0023C 


MIN 

TYP 

MAX MIN 

TYP 

MAX 

2.0 


2.0 





5.0 


5.0 



0.8 


0.8 



0.5 


0.5 

±10 

±11 

±10 

±11 



4.5 

6 

4.5 

6 


4.5 

6 

4.5 

6 


1.0 

1.6 

1.0 

1.6 


0.002 

0.01 

0.002 

0.02 

500 

1000 

300 

1000 


20 

25 

20 

25 



0.2 

1.0 

0.3 

1.5 


3.0 


3.0 



100 

200 

200 

500 


0.6 

1.0 

1.0 

2 


0.5 


0.5 



10 

20 

20 

50 



0.1 


0.2 


150 


150 



50 

100 

50 

100 

1.5 

3.0 

1.5 

3.0 




±20 


±20 

±10 

±11 

±10 

±11 


±10 

±12 

±10 

±12 



mV/s 


Notel: Unless otherwise noted, these specifications apply for V + = +15V, Vqq = +5V, V" = -15V, pin 9 grounded, a 
0.01 /itF capacitor connected between pin 1 and ground over the temperature range -55°C to +125°C for the LH0023, and 
— 25° C to +85° C for the LH0023C. All typical values are for T^ = 25°C. 
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LH0023/LH0023C.LH0043/LH0043C 



LH0023/LH0023C.LH0043/LH0043C 


electrical characteristics lhoo43/lhoo 43C: (Note 2) 




LIMITS 


PARAMETER 

CONDITIONS 

LH0043 

LH0043C 

UNITS 

MIN 

TYP 


MIM 

TYP 





Hold (Logic “1") 

Input Voltage 


2.0 


■ 



■ 

V 

Hold (Logic "1") 

Input Current 

V 6 = 2.4V 



5.0 



5.0 

pA 

Sample (Logic "0”) 
Input Voltage 




0.8 



0.8 

V 

Sample (Logic "0") 
Input Current 

V 6 = 0.4V 



1.5 



1.5 

mA 

Analog Input 

Voltage Range 


±10 

±11 


±10 

±n 


V 

Supply Current 

V 5 = 0V, V 6 = 2V, V n =0V 


20 

22 


20 

22 

mA 


V 5 = 0V, V 6 = 0.4V, 

v n =ov 


14 

18 


14 

18 

mA 

Sample Accuracy 

V 0UT =±10V (Full Scale) 


0.02 

0.1 


0.02 

0.3 

% 

DC Input Resistance 

T c = 25°C 

10 10 

10 12 


10 10 

10 12 


n 

Input Current — l 5 



1.0 

5.0 


2.0 

10.0 

nA 

Input Capacitance 



1.5 



1.5 


PF 

Leakage Current- 

V 5 = ±10V; V n =±10, 


10 

25 


20 

50 

pA 

pin 1 

T c = 25°C 

V 5 =±10V; V n = ±10V 


10 

25 


2 

5 

nA 

Drift Rate 

V OUT = ±10V ' C S = 0001 ^ F ' 
T a = 25°C 


10 

25 


20 

50 

mV/s 

Drift Rate 

V OUT =±10V ' C S = 0001 ^ F 


10 

25 


2 

5 

mV/ms 

Drift Rate 

V 0UT = ±10V - c s = 0 01 MF. 

T a = 25°C 


1 

2.5 


2 

5 

mV/s 

Drift Rate 

V O ut =± 10V,C s =0.01 juF 


1 

2.5 


0.2 

0.5 

mV/ms 

Aperture Time 



20 

60 


20 

60 

ns 

Sample Acquisition 

AVqut = 20V < c s = 0 001 mF 


10 

15 


10 

15 

Ms 

Time 

AVqut = 20V ' c s = 0 01 mF 


30 

50 


30 

50 

MS 


AV OUT = 5V, C s = 0.001 pF 


4 



4 


Ms 

Output Amplifier 

Slew Rate 

Vqut = 5V ' C S = 0 001 /“ F 

1.5 

3.0 


1.5 

3.0 


V/ps 

Output Offset Voltage 
(without null) 

R s < 10k, V 5 =0V, V 6 = 0V 



±40 



±40 

mV 

Analog Voltage 

R l ^ Ik, T a = 25° C 

±10 

±11 


±10 

±11 


V 

Output Range 

R L ^2k 

±10 

±12 


±10 

±12 


V 


Note 2: Unless otherwise noted, these specifications apply for V + = +15V, V - = — 15V, pin 9 grounded, a 5000 pF capacitor 
connected between pin 1 and ground over the temperature range — 55° C to +125°C for the LH0043, and — 25° C to +85°C 
for the LH0043C. All typical values are for Tq = 25°C. 
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typical performance characteristics 


Power Dissipation 



0 25 50 75 100 125 150 


TEMPERATURE (°C) 


Sample Acquisition 
Time— LH0043 


Sample Acquisition 
Time— LH0043 



0 1 2 3 4 5 6 7 8 9 10 


TIME (ms) 



TIME (ms) 


Sample Acquisition 
Time— LH0023 



TIME (ms) 


Pin 1 Leakage Current 
vs Output Voltage 



-12 V -10 -8 -6 -4 -2 0 2 4 6 8 1012V 
OUTPUT VOLTAGE (V) 


Pin 1 Leakage Current 
vs Temperature 



Output Current Limiting 



0 5 10 15 20 25 30 

OUTPUT CURRENT (UnA) 


Drift Rate vs Capacitance 
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C s - CAPACITANCE (mF) 


Drift vs Capacitance 
(LH0043) 



.0001 .001 .01 .1 1 10 
CAPACITANCE (mF) 


typical applications 



Note 1: Cl is polystyrene. 

Note 2: C2, C3, C4 are cermic disc. 

Note 3: Jumper 7-8 and C4 not required for LH0Q43. 
Note 4: R1 optional if zero trim is required. 


How to Build a Sample and Hold Module 
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LH0023/LH0023C, LH0043/LH0043 


typical applications (con't) 



Forcing Function Setup for Automatic Test Gear 



*See op amp selection guide for details. Most popular types include LH0052, LH175, LM108, LM112 and LM116. 

Data Acquisition System 



Single Pulse Sampler 









Two Channel Double Sideband Demodulator 
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LH0023/LH0023C,LH0043/LH0043C 


applications information 

1.0 Drift Error Minimization 

In order to minimize drift error, care in selection 
of C s and layout of the printed circuit board is 
required. The capacitor should be of high quality 
Teflon, polycarbonate, or polystyrene construc- 
tion. Board cleanliness and layout are critical 
particularly* at elevated temperatures. See AN-63 
for detailed recommendations. A guard conductor 
connected to the output surrounding the storage 
node (pin 1) will be helpful in meeting severe 
environmental conditions which would otherwise 
cause leakage across the printed circuit board. 

2.0 Capacitor Selection 

The size of the capacitor is dictated by the re- 
quired drift rate and acquisition time. The drift is 
determined by the leakage current at pin 1 and 
dV I, 

may be calculated by = c~ ' where is the 

total leakage current at pin 1 of the device, and 
C s is the value of the storage capacitor. 

2.1 Capacitor Selection — LH0023 

At room temperature leakage current for the 
LH0023 is approximately 100 pA. A drift rate of 
10 mV/sec would require a 0.01 /iF capacitor. 

For values of C s up to 0.01 /iF the acquisition 
time is limited by the slew rate of the input buffer 
amplifier, A1, typically 0.5 V//is. Beyond this 
point, current availability to charge C s also enters 
the picture. The acquisition time is given by: 

t ^y^o5^s = 2 x 10‘ 3 \Me o RC S 
A . 0.5 x 10 6 ° s 

where: R = the internal resistance in series with C s 

Ae 0 = change in voltage sampled 

An average value for R is approximately 
600 ohms. The expression for t A reduces to: 

t ~ \/ A e o C s 
A “ 20 

For a -10V to +10V change and C s = .05 [if , 
acquisition time is typically 50 ns. 

2.2 Capacitor Selection— LH0043 

At 25°C case temperature, the leakage current for 
the LH0043G is approximately 10 pA, so a drift 
rate of 5 mV/s would require a capacitor of 
C s = 10 • 10~ 12 /5 • 10~ 3 = 2000 pF or larger. 

For values of C s below about 5000 pF, the 
acquisition time of the LH0043G will be limited 
by the slew rate of the output amplifier (the 
signal will be acquired, in the sense that the voltage 


will be stored on the capacitor, in much less time as 
dictated by the slew rate and current capacity of 
the input amplifier, but it will not be available at 
the output). For larger values of storage capaci- 
tance, the limitation is the current sinking capabil- 
ity of the input amplifier, typically 10 mA. With 
C s = 0.01 nF, the slew rate can be estimated by 

W = 0Q1 .To-* = 1 V ^ S ° r 3 slewing time for a 

5 volt signal change of 5fis. 

3.0 Offset Null 

Provision is made to null both the LH0023 and 
LH0043 by use of a 10k pot between pins 3 and 4. 
Offset null should be accomplished in the sample 
mode at one half the input voltage range for 
minimum average error. 

4.0 Switching Spike Minimization— LH0043 

A capacitive divider is formed by the storage 
capacitor and the capacitance of the internal FET 
switch which causes a small error current to be 
injected into the storage capacitor at the termina- 
tion of the sample interval. This can be considered 
a negative DC offset and nulled out as described in 
(3.0), or the transient may be nulled by coupling 
an equal but opposite signal to the storage 
capacitor. This may be accomplished by connect- 
ing a capacitor of about 30 pF (or a trimmer) 
between the logic input (pin 6) and the storage 
capacitor (pin 1). Note that this capacitor must be 
chosen as carefully as the storage capacitor itself 
with respect to leakage. The LH0023 has switch 
spike minimization circuitry built into the device. 

5.0 Elimination of the 5V Logic Supply-LH0023 

The 5V logic supply may be eliminated by 
shorting pin 7 to pin 8 which connects a 10k 
dropping resistor between the +15V and V c . 
Decoupling pin 8 to ground through 0.1 pF disc* 
capacitor is recommended in order to minimize 
transients in the output. 

6.0 Heat Sinking 

The LH0023 and LH0043G may be operated 
without damage throughout the military tempera- 
ture range of -55 to +125°C (-25 to +85°C for 
the LH0023CG and LH0043CG) with no explicit 
heat sink, however power dissipation will cause the 
internal temperature to rise above ambient. A 
simple clip-on heat sink such as Wakefield 
#215-1.9 or equivalent will reduce the internal 
temperature about 20°C thereby cutting the leak- 
age current and drift rate by one fourth at max. 
ambient. There is no internal electrical connection 
to the case, so it may be mounted directly to a 
grounded heat sink. 

7.0 Theory of Operation— LH0023 

The LH0023/LH0023C is comprised of input 
buffer amplifier, A1, analog switches, SI and S2, a 
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applications information (con't) 

TTL to MOS level translator, and output buffer 
amplifier, A2. In the “sample" mode, the logic 
input is raised to logic "1" (V 6 < 2.0V) which 
closes SI and opens S2. Storage capacitor, C s , is 
charged to the input voltage through SI and the 
output slews to the input voltage. In the "hold" 
mode, the logic input is lowered to logic "0" 
(V 6 < 0.8V) opening SI and closing S2. C s 
retains the sample voltage which is applied to the 
output via A2. Since SI is open, the input signal 
is overridden, and leakage across the MOS switch is 
therefore minimized. With SI open, drift is prima- 
rily determined by input bias current of A2, 
typically 100 pA at 25°C. 

7.1 Theory of Operation— LH0043 

The LH0043/LH0043C is comprised of input 
buffer amplifier A1, FET switch SI operated by a 
TTL compatible level translator, and output buffer 
amplifier A2. To enter the "sample" mode, the 
logic input is taken to the TTL logic "0" state 
( V 6 = 0.8V) which commands the switch SI 



closed and allows A1 to make the storage capaci- 
tor voltage equal to the analog input voltage. In 
the "hold" mode (V 6 = 2.0V), SI is opened 
isolating the storage capacitor from the input and 
leaving it charged to a voltage equal to the last 
analog input voltage before entering the hold 
mode. The storage capacitor voltage is brought to 
the output by low leakage amplifier A2. 

8.0 Definitions 

V 5 : The voltage at pin 5, e.g., the analog 

input voltage. 

V 6 : The voltage at pin 6, e.g., the logic 

control input signal. 

V^: The voltage at pin 11, e.g., the output 
signal. 

T a : The temperature of the ambient air. 

T c : The temperature of the device case at 

the center of the bottom of the header. 

Acquisition Time: 

The time required for the output (pin 1 1) to settle 
within the rated accuracy after a specified input 
change is applied to the input (pin 5) with the 
logic input (pin 6) in the low state. 

Aperture Time: 

The time indeterminacy when switching from 
sample mode to hold including the delay from the 
time the mode control signal (pin 6) passes 
through its threshold (1.4 volts) to the time the 
circuit actually enters the hold mode. 

Output Offset Voltage: 

The voltage at the output terminal (pin 11) with 
the analog input (pin 5) at ground and logic input 
(pin 6) in the "sample" mode. This will always be 
adjustable to zero using a 10k pot between pins 3 
and 4 with the wiper arm returned to V - . 
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LH0024/LH0024C 


LVS Operational Amplifiers 

LH0024/LH0024C high slew rate operational amplifier 


general description 

The LH0024/LH0024C is a very wide bandwidth, 
high slew rate operational amplifier intended to 
fulfill a wide variety of high speed applications 
such as buffers to A to D and D to A converters 
and high speed comparators. The device exhibits 
useful gain in excess of 50 MHz making it possible 
to use in video applications requiring higher gain 
accuracy than is usually associated with such 
amplifiers. 

features 

■ Very high slew rate — 500 V//is at Av = +1 

■ Wide small signal bandwidth — 70 MHz 

■ Wide large signal bandwidth — 15 MHz 

■ High output swing -±12V into IK 


■ Offset null with single pot 

■ Low input offset — 2 mV 

■ Pin compatible with standard 1C op amps 

The LH0024/LH0024C's combination of wide 
bandwidth and high slew rate make it an ideal 
choice for a variety of high speed applications 
including active filters, oscillators, and compara- 
tors as well as many high speed general purpose 
applications. 

The LH0024 is guaranteed over the temperature 
range -55°C to +125°C, whereas the LH0024C 
is guaranteed -25°C to +85°C. 


schematic and connection diagrams 


COMP/NULL 



Metal Can Package 


COMP/NULL 



TOP VIEW 

Note: For heat sink use 
Thermalloy 2230-5 series. 

Order Number LH0024H or LH0024CH 
See Package 11 


typical applications 


TTL Compatible Comparator 


Offset Null 


Video Amplifier 
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absolute maximum ratings 

Supply Voltage ±18V 

Input Voltage Equal to Supply 

Differential Input Voltage ±5V 

Power Dissipation 600 mW 

Operating Temperature Range LH0024 -55°C to +125°C 

LH0024C -25°C to +85°C 

Storage Temperature Range -65°C to +150°C 

Lead Temperature (Soldering, 10 sec) 300°C 


dc electrical characteristics (Notei) 


PARAMETER 

CONDITIONS 

LH0024 

LH0024C 

UNITS 

MIN 

TYP 

MAX 

MIN 

TYP 

MAX 

Input Offset Voltage 

R s = 50£2, T a = 25°C 


2.0 

4.0 


5.0 

8.0 

mV 


R s = 50^ 



6.0 



10.0 

mV 

Average Temperature 

V s = ±15V, R s = 5012 


20 



25 


AtV/°C 

Coefficient of Input 
Offset Voltage 

-55°C to 125°C 








Input Offset Current 

T a - 25°C 


2.0 

5.0 


4.0 

15.0 

ma 





10.0 



.20.0 

/kA 

Input Bias Current 

T a = 25°C 


15 

30 


18 

40 

JiA 





40 



50 

juA 

Supply Current 



12.5 

13.5 


12.5 

13.5 

mA 

Large Signal Voltage 

V s = ±15V, R l = 1 k, T a = 25°C 

4 

5 


3 

4 


V/mV 

Gain 

V S = ±15V, R L = Ik 

3 



2.5 



V/mV 

Input Voltage Range 

Vg = ±15V 

±12 

±13 


±12 

±13 


V 

Output Voltage 

V S = ±15V, R l = Ik, T a = 25°C 

±12 

±13 


±10 

±13 


V 

Swing 

V S = ±15V, R l = Ik 

±10 



±10 



V 

Slew Rate 

Vg = ±15V, R l = Ik, 

C -| = C~2 ~ 30 pF 

A v = +1, T A = 25°C 

400 

500 


250 

400 


V/jUs 

Common Mode 

V s = ±15V, AV in = ±10V 


60 



60 


dB 

Rejection Ratio 

R s = 50ft 








Power Supply 

±5V^ V S ^±18V 


60 



60 


dB 

Rejection Ratio 

Rg = 50ft 









Note 1: These specifications apply for ±5V < Vg < ±18V and -55 C to +125°C for the LH0024 and -25 C to +85 C for 
the LH0024C. 


frequency compensation 


Frequency Compensation Circuit 


CLOSED 

LOOP GAIN 

Ct 

c 2 

c 3 

100 

0 

0 

0 

20 

0 

0 

0 

10 

0 

20 pF 

2 pF 

1 

30 pF 

30 pF 

3 pF 
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LH0024/LH0024C 





LH0024/LH0024C 


typical performance characteristics 


Maximum Power Dissipatiyn 



0 25 50 75 100 125 150 

TEMPERATURE (°C) 


Large Signal Frequency 
Response 

25 1 ~ni ii i iii r rr i m ii nrrmnr 



10K 100K 1M 10M 100M 

FREQUENCY (Hz) 


Open Loop Frequency 
Response 



10k 100k 1M 10M 100M 

FREQUENCY (Hz) 


Voltage Follower Pulse 
Response 



0 100 200 300 400 500 

TIME (ns) 


Input Voltage vs Supply 
Voltage 



0 5 10 15 20 

SUPPLY VOLTAGE (±V) 



0 5 10 15 20 

SUPPLY VOLTAGE (±V) 


Supply Current vs Supply 
Voltage 



46 8 10 12 14 16 18 

SUPPLY VOLTAGE (±V) 

applications information 

1. Layout Considerations 

The LH0024/LH0024C,like most high speed cir- 
cuitry, is sensitive to layout and stray capacitance. 
Power supplies should be by-passed as near the 
device as is practicable with at least .01 /jlF disc 
type capacitors. Compensating capacitors should 
also be placed as close to device as possible. 

2. Compensation Recommendations 

Compensation schemes recommended in Table 1 
work well under typical conditions. However, poor 
layout and long lead lengths can degrade the per- 
formance of the LH0024 or cause the device to 
oscillate. Slight adjustments in the values for 
Cl, C2; and C3 may be necessary for a given 
layout. In particular, when operating at a gain of 


Input Bias Current vs Voltage 



46 8 10 12 14 16 18 

SUPPLY VOLTAGE (±V) 


-1, C3 may require adjustment in order to per- 
fectly cancel the input capacitance of the device. 

When operating the LH0024/LH0024C at a gain 
of +1, the value of R 1 should be at least IK ohm. 

The case of the LH0024 is electrically isolated from 
the circuit; hence, it may be advantageous to drive 
the case in order to minimize stray capacitances. 

3. Heat Sinking 

The LH0024/LH0024C is specified for operation 
without the use of an explicit heat sink. However, 
internal power dissipation does cause a significant 
temperature rise. Improved offset voltage drift 
can be obtained by limiting the temperature rise 
with a clip-on heat sink such as the Thermalloy 
2228B or equivalent. 
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Operational Amplifiers 


LH0032/LH0032C ultra fast FET operational amplifier 


general description 

The LH0032/LH0032C is a high slew rate, high 
input impedance differential operational amplifier 
suitable for diverse application in fast signal handl- 
ing. The high allowable differential input voltage, 
ease of output clamping, and high output drive 
capability particularly suit it for comparator appli- 
cations. It may be used in applications normally 
reserved for video amplifiers allowing the use of 
operational gain setting and frequency response 
shaping into the megahertz region. 

features 

■ High slew rate 500 V//is 

■ High bandwidth 70 MHz 

■ High input impedance 10 12 £2 


■ Low input bias current 20 pA max 

■ Offset null with single pot 

■ Low input offset voltage 2 mV max 

■ No compensation for gains above 50 


The LH0032's wide bandwidth, high input imped- 
ance and high output capacity make it an ideal 
choice for applications such as summing amplifiers 
in high speed D to A's, buffers in data acquisition 
systems, and sample and hold circuits. Additional 
applications include high speed integrators and 
video amplifiers. The LH0032 is guaranteed over 
the temperature range -55°C to +1 25°C and the 
LH0032C is guaranteed from -25°C to +85° C. 


schematic and connection diagrams 



Metal Can Package 





Order Number LH0032G or LH0032CG 
See Package 6 


typical applications 

1 MHz Function Generator 


DC to Video Log Amplifier 


3pF 3 P F 3 pF 



LH0032/LH0032C 



LH0032/LH0032C 


absolute maximum ratings 








Supply Voltage 




±18V 






Input Voltage 




±v s 






Differential Input Voltage 




±30V 






Power Dissipation 



See curve 






Operating Temperature Range LH0032 -55°C to +1 25°C 







LH0032C -25 C to +85 C 






Storage Temperature Range 

-65° C to +150°C 






Lead Temperature (Soldering, 10 sec) 



300 C 






dc electrical characteristics (Notei) 








PARAMETER 



LH0032 

LH0032C 




H2J2I 

KKE3 i 

U03I 


123 

32231 


Input Offset Voltage 

V s = ±15V, R s ^ 100k, T a = 25°C 



5 


5 

15 

mV 


Vg = ±15V, Rg^ 100k 



10 



20 

mV 

Average Offset Voltage Drift 

Rg^ 100k 






25 


pV/°C 

Input Bias Current 

Ta = 25°C 






25 


pA 






50 



15.0 

nA 

Input Offset Current 

T a = 25° C 



5 

25 


10 

50 

pA 




} 


25 



5 

nA 

Large Signal Voltage Gain 

V s = ±15V, Vqut = ±10V, f = 1 kHz 

60 

70 


60 

70 


dB 


R u = 1 k^ ( T a = 25°C 









V s = ±15V, V OU T = ±10V.f = 1 kHz 

57 



57 



dB 


R L = 1 kfi 









Input Voltage Range 

Vg = ±15V 


+ 10 

±12 


±10 

±12 


V 

Output Voltage Swing 

V s = ±15V, R u = 1 kf2 

±10 

±13.5 


±10 

±13 


V 

Power Supply Rejection Ratio 

Vg = ±15V, AV S = ±10V 

50 

60 


50 

60 


dB 

Common Mode Rejection Ratio 

V s = ±15V, AV iim = 10V 

50 

60 


50 



dB 

Supply Current 

Vg = ±15V, T A = 25°C 


18 

20 


20 

22 

mA 

ac electrical characteristics (Note 2 ) 

PARAMETER 

CONDITIONS 

MIN 

TYP 

MAX 

UNITS 

Slew Rate 


Av = +1, AV|n = 

20V 

350 

500 



V//us 

Settling Time to 1% of Final Value 

> 

< 

ii 

i 

D> 

< 

z 

ii 

20V 



100 



ns 

Settling Time to 0.1% of Final Value 

Av = -1, AV !N = 

20V 



300 



ns 

Small Signal Rise Time 


Av = +1 , AV in = 

IV 



8 

20 

ns 

Small Signal Delay Time 


A v = +1, AV| N = 

IV 



10 

25 

ns 

Note 1 : These specifications apply for ±5V < Vc < ±1 8V and -55°C to +1 25°C for the LH0032 and 

-25° C to +85° C 

for the 

LH0032C. 










Note 2: These specifications apply for Vs 

= ±1 5V, R[_ = 1 ka and T A = 

25° C. 
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LH0032/LH0032C 



auxiliary circuits 


Offset Null 



Output Short Circuit Protection 

v* 



typical applications (con't) 

Unity Gain Amplifier 


v + 



10X Buffer Amplifier 



100X Buffer Amplifier High Impedance, High Speed Comparator 

v + v* 






typical applications (con't) 


High Speed Sample and Hold 



Current Mode Multiplexer 



applications information 

Power Supply Decoupling 

The LH0032/LH0032C like most high speed cir- 
cuits is sensitive to layout and stray capacitance. 
Power supplies should be by-passed as near to 
Pins 10 and 12 as practicable with low inductance 
capacitors such as 0.01 //F disc ceramics. Compen- 
sation components should also be located close to 
the appropriate pins to minimize stray reactances. 


Input Capacitance 

The input capacitance to the LH0032/LH0032C is 
typically 5 pF and thus may form a significant 
time constant with high value resistors. For opti- 
mum performance, the input capacitance to the 
inverting input should be compensated by a small 
capacitor across the feedback resistor. The value 
is strongly dependent on layout and closed loop 
gain, but will typically be in the neighborhood of 
several picofarads. 


In the non-inverting configuration, it may be 
advantageous to bootstrap the case and/or a guard 
conductor to the inverting input. This serves both 
to divert leakage currents away from the non- 
inverting input and to reduce the effective input 
capacitance. A unity gain follower so treated will 
have an input capacitance under a picofarad. 

Heat Sinking 

While the LH0032/LH0032C is specified for opera- 
tion without any explicit head sink, internal power 
dissipation does cause a significant temperature 
rise. Improved bias current performance can thus 
be obtained by limiting this temperature rise with 
a small head sink such as the Thermalloy No. 2241 
or equivalent. The case of the device has no inter- 
nal connection, so it may be electrically connected 
to the sink if this is advantageous. Be aware, how- 
ever, that this will affect the stray capacitances 
to all pins and may thus require adjustment of 
circuit compensation values. 
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LH0032/LH0032C 




LH0033/LH0033C, LH0063/LH0063C 



Operational Amplifiers 


LH0033/LH0033C, LH0063/LH0063C 
fast and damn fast buffer amplifiers 


general description 

The LH0033/LH0033C and LH0063/LH0063C are 
high speed, FET input, voltage follower/buffers 
designed to provide high current drive at fre- 
quencies from DC to over 100 MHz. The LH0033/ 
LH0033C will provide ±10 mA into 1 k!2 loads 
(±100 mA peak) at slew rates of 1500V//us. The 
LH0063/LH0063C will provide ±250 mA into 
5012 loads (±500 mA peak) at slew rates of up to 
6000V//IS. In addition, both exhibit excellent 
phase linearity up to 20 MHz. 

Both are intended to fulfill a wide range of buffer 
applications such as high speed line drivers, video 
impedance transformation, nuclear instrumentation 
amplifiers, op amp isolation buffer for driving 
reactive loads and high impedance input buffers 
for high speed A to D's and comparators. In 
addition, the LH0063/LH0063C can continuously 
drive 5012 coaxial cables or be used as a diddle 
yoke driver for high resolution CRT displays. For 
additional applications information, see AN-48. 


advantages 

■ Only +10V supply needed for 5 V P _ P video out 

■ Speed does not degrade system performance 

■ Wide data rate range for phase encoded systems 


■ Output drive adequate for most loads 

■ Single pre-calibrated package 


features 


Damn fast (LH0063) 6000V//JS 

Wide range single or dual supply operation 


Wide power bandwidth 
High output drive 
Low phase non-linearity 
Fast rise times 
High current gain 
High input resistance 


DC to 100 MHz 
±10V with 5012 load 
2 degrees 
2 ns 
120 dB 
1 0 1 0 12 


These devices are constructed using specially 
selected junction FET's and active laser trimming 
to achieve guaranteed performance specifications. 
The LH0033 and LH0063 are specified for opera- 
tion from -55°C to +125°C; whereas, the LH0033C 
and LH0063C are specified from -25°C to +85°C. 
The LH0033/LH0033C is available in a 1.5W 
metal TO-8 package and a special 1/2x1 inch 8 
pin ceramic dual-in-line package while the LH0063/ 
LH0063C is available in a 5W 8-pin TO-3 package. 


connection diagrams 


LH0033/LH0033C 
Metal Can Package 


LH0033/LH0033C 
Dual-In-Line Package 


LH0063/LH0063C 
Metal Can Package 



CASE IS ELECTRICALLY 
ISOLATED 

Order Number LH0033G or LH0033CG 
See Package 6 


OFFSET 
PRESET ‘ 
OFFSET 
ADJUST' 


OUTPUT' 



TOP VIEW 

Order Number LH0033J or LH0033CJ 
See Package 15 



Order Number LH0063K or LH0063CK 
See Package 19 
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absolute maximum ratings 








| Supply Voltage (V + - V ) 

40V 

Peak Output Current 





j Maximum Power Dissipation (See Curves) 


LH0063/LH0063C 


±500 mA 

LH0063/LH0063C 

5W 

LH0033/LH0033C 


±250 mA 

LH0033/LH0033C 

1.5W 

Operating Temperature Range 




Maximum Junction Temperature 175 C 

LH0033 and LH0063 


-55°C to +125°C 

Input Voltage 

Equal to Supplies 

LH0033C and LH0063C 


-25°C to +85° C 

Continuous Output Current 



Storage Temperature Range 


-65°C to +150°C 

LH0063/LH0063C 

±250 mA 

Lead Temperature (Soldering, 10 sec) 


300° C 

LH0033/LH0033C 

±100 mA 







dc electrical characteristics 

LH0033/LH0033C: (Note 1) 






LIMITS 


PARAMETER 

CONDITIONS 

LH0033 

LH0033C 

UNITS 



MIN 

TYP 

MAX 

MIN 

TYP 

MAX 


Output Offset Voltage 

R s = 100 k!2, T c = 25°C 


5 

10 


12 

20 


R s = 100 k!2 



15 


25 

mV 

Average Temperature Coefficient 

R s = 100 kn. 


25 



25 


MV/°C 

of Offset Voltage 

-55°C<T c < 125°C 





Input Bias Current 

T c = 25°C 


.05 

.1 

10 


.05 

.15 

5 

< < 
c c 










Voltage Gain 

R l = 1 k!2, R s = 100 k!2 

.97 

.98 

1 

.96 

.98 

1 

v/v 

Input Impedance 

V )N = IVrms, 
f = 1 kHz, R L = 1 k!2 

10 10 

10 11 


10 10 

10 11 


n 


V IN = IVrms, f = 1 kHz, 







12 

Output Impedance 

Rs'= 100 kfi, R L = 1 k!2 


6 

10 


6 

10 


R l = 1 kfi, 

±12 

±13 


±12 

±13 


V 

Output Voltage Swing 

R l = 10012, T c = 25°C 

±9 



±9 



V 


V s = ±5V, R L = 1 k!2 


6 



6 


Vp.p 


V, N =0V, V s = +15V 


20 

22 


21 

24 


Supply Current 

Vg = ±5V 


18 


18 

mA 

Power Consumption 

V, N = 0V, V s = +15V 


600 

660 


630 

720 


V s = ±5V 


180 


180 

mW 

ac electrical characteristics 








LH0033/LH0033C (T c = 

25° C, V s = ±15V, R s = 

50ft, R l 

= 1 kft) 








LIMITS 


PARAMETER 

CONDITIONS 

LH0033 

LH0033C 

UNITS 



MIN 

TYP 

MAX 

MIN 

TYP 

MAX 


Slew Rate 

V IN =±10V 

1000 

1500 


1000 

1400 


V/jus 

Bandwidth 

V| N = IVrms 


100 



100 


MHz 

Phase Non-Linearity 

BW = 1 to 20 MHz 


2 



2 


degrees 

Rise Time 

AV, n = 0.5V 


2.9 


■ 



ns 

Propagation Delay 

AV in = 0.5 V 


1.2 



1 


ns 

Harmonic Distortion 



<0.1 



n 


% 

* 

Note 1: Unless otherwise specified, these specifications apply for +15V applied to pins 1 and 12, 

-15V applied to pins 8 and 

10, and pin 6 shorted to pin 7 for the LH0033/LH0033C. For the LH0063/LH0063C, specifications apply for +15V applied 
to pins 1 and 2, -15V applied to pins 7 and 8, and pin 5 shorted to pin 6. Unless otherwise noted, specifications apply over a 
temperature range of -55°C < Tr < +125°C for the LH0033 and LH0063; and -25° C < Tc < +85°C for the LH0033C and 

LH0063C. Typical values shown are for Tc = 25° C. 
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LH0033/LH0033C, LH0063/LH0063C 





LH0033/LH0033C, LH0063/LH0063C 


dc electrical characteristics lhoo63/lhoo63c (Note i) 


Output Offset Voltage 


Average Temperature Coefficient 
of Output Offset Voltage 


Input Bias Current 
Voltage Gain 


Input Resistance 
Input Capacitance 
Output Impedance 
Output Current Swing 
Output Voltage Swing 

Output Voltage Swing 

Supply Current 
Supply Current 
Power Consumption 
Power Consumption 


CONDITIONS 

Rs 

<ioo kn, t 

c = 25°C 

Rs 

< 100 kfi 


Rs 

<100 kfi 


T c 

= 25°C 


V„s 

i =±10V, R s 

<100 kfi, 

Rl 

= 1 kQ, 


V,n 

i = ±10V, R s 

<100 kfi, 

Rl 

= 50fi 


Case Shorted to 

Output 

V 0 , 

UT =±10V, F 

i s = ioo kn 

V,n 

i = ±10V, R s 

< 100 kfi 

Rl 

= 50fi 


V s 

= ±5V, R l = 

50S7, 

T c 

= 25°C 


T c 

= 25°C, R l = 

= oo f 

V s 

= ±15V 


V s 

= ±5V 


T c 

= 25°C, R l = 

= oo r 

V s 

= ±15V 


V s 

= ±5V 



ac electrical characteristics 

LH0063/LH0063C: (T c = 25° C, V s = ±15V, R s = 50fi, R L 


Slew Rate 
Slew Rate 
Bandwidth 
Phase Non-Linearity 
Rise Time 
Propagation Delay 
Harmonic Distortion 


R l = 1 kft, V, N =±10V 
R l = 50S7, V, N = +10V 
T c - 25° C 
V IN = 1 Vrms 

BW = 1 to 20 MHz 
AV, n = .5V 
AV, n = .5V 


Note 1: Unless otherwise specified, these specifications apply for +15V applied to pins 1 and 12, -15V applied to pins 8 and 
10, and pin 6 shorted to pin 7 for the LH0033/LH0033C. For the LH0063/LH0063C, specifications apply for +15V applied 
to pins 1 and 2, -15V applied to pins 7 and 8, and pin 5 shorted to pin 6. Unless otherwise noted, specifications apply over a 
temperature range of -55°C < Tc < +125°C for the LH0033 and LH0063; and -25°C < Jq < +85°C for the LH0033C and 
LH0063C. Typical values shown are for Tc = 25°C. 
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VOLTAGE GAIN (V/V) OUTPUT VOLTAGE (±V) SUPPLY CURRENT (±mA) POWER DISSIPATION (W) 


typical performance characteristics 



5.0 10.0 20.0 50 100 

-50 

0 50 100 

150 

0 1 

1 2 3 4 5 6 7 { 

1 9 10 11 12 

FREQUENCY (MHz) 


TEMPERATURE (°C) 



TIME (ns) 



.5 


LH0033/LH0033C, LH0063/LH0063C 






LH0033/LH0033C, LH0063/LH0063C 


typical performance characteristics (con't) 



LH0063 Small Signal Rise 
Time 



0 1 2 3 4 5 6 7 8 

TIME (ns) 


application hints 

Recommended Layout Precautions: RF/video 
printed circuit board layout rules should be fol- 
lowed when using the LH0033 and LH0063 since 
they will provide power gain to frequencies over 
100 MHz. Ground planes are recommended and 
power supplies should be decoupled at each device 
with low inductance O.ljuF disc capacitors. In 
addition, ground plane shielding may be extended 
to the metal case of the device since it is 
electrically isolated from internal circuitry. Alter- 
natively the case should be connected to the 
output to minimize input capacitance. 



FIGURE 1. Offset Zero Adjust for LH0033 (Pin nos. 
shown for TO-8) 


Offset Voltage Adjustment: Both the LH0033's 
and LH0063's offset voltages have been actively 
trimmed by laser to meet guaranteed specifications 
when the offset preset pin is shorted to the offset 
adjust pin. This pre-calibration allows the devices 
to be used in most DC or AC applications without 
individually offset nulling each device. If offset 
null is desirable, it is simply obtained by leaving 
the offset preset pin open and connecting a trim 
pot of 100£2 for the LH0033 or 1 k£2 for the 
LH0063 between the offset adjust pin and V 
as illustrated in Figures 1 and 2. 



FIGURE 2. Offset Zero Adjust for LH0063 
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application hints (con't) 

Operation from Single or Asymmetrical Power 
Supplies: Both device types may be readily used 
in applications where symmetrical supplies are 
unavailable or not desirable. A typical application 
might be an interface to a MOS shift register 
where V + = +5V and V~ = -12V. In this case, 
an apparent output offset occurs due to the de- 
vice's voltage gain of less than unity. This additional 
output offset error may be predicted by: 


as illustrated in Figures 3 and 4. Resistor values 
may be predicted by: 

_ V + _ V“ 

Rum “ ~ 

•sc 'sc 

where: l sc 100 mA for LH0033 

l sc < 250 mA for LH0063 


(V + — V ) , _ 

AVq = (1 - A v ) - = .005 (V + — V ) 

where: 

A v = No load voltage gain, typically .99 
V + = Positive supply voltage 
V - = Negative supply voltage 


The inclusion of limiting resistors in the collectors 
of the output transistors reduces output voltage 
swing. Decoupling V c + and V c pins with ca- 
pacitors to ground will retain full output swing 
for transient pulses. Alternate active current limit 
techniques that retain full DC output swing are 
shown in Figures 5, 6 and 7. In Figures 5 and 6, 
the current sources are saturated during normal 
operation thus apply full supply voltage to the 
V c pins. Under fault conditions, the voltage de- 
creases as required by the overload. For Figure 5: 


For the above example, AV 0 would be —35 mV.' 
This may be adjusted to zero as described in 
Section 2. For AC coupled applications, no addi- 
tional offset occurs if the DC input is properly 
biased as illustrated in the "typical applications" 
section. 

Short Circuit Protection: In order to optimize 
transient response and output swing, output cur- 
rent limit has been omitted from the LH0033 
and LH0063. Short circuit protection may be 
added by inserting appropriate value resistors 
between V + and V c + pins and V aqd V c pins 


Vbe -6V 
lsc mA 


10£2 


In Figure 6, quad transistor arrays are used to 
minimize can count and: 


Rum 


Vbe 

1/3 (lsc) 


,6V 

= 8.2 £2 

1/3 (200 mA) 



FIGURE 3. LH0033 Using Resistor Current Limiting FIGURE 4. LH0063 Using Resistor Current Limiting 
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LH0033/LH0033C, LH0063/LH0063C 



LH0033/LH0033C, LH0063/LH0063C 


application hints (con't) 



FIGURE 5. LH0033 Current Limiting Using Current 
Sources 



FIGURE 6. LH0063 Current Limiting Using Current 
Sources 


Capacitive Loading: Both the LH0033 and LH0063 
are designed to drive capacitive loads such as co- 
axial cables in excess of several thousand picofarads 
without susceptibility to oscillation. However, 
peak current resulting from (q xd v /d t ) should be 
limited below absolute maximum peak current 
ratings for the devices. 

Thus for the LH0033: 


/AV, n \ > ^ 

(— —J X C L < lour ^ ±250 mA 


and for the LH0063: 


© 


X C L < Iqut ^ ±500 mA 


Peak current limiting may be accomplished by 
controlling input large signal rise time, inserting 
20 to 10012 resistors between V + and V c + pins 
and V and V c pins, using active current limit 
as described in Section 4, Figures 5, 6 and 7, or 
inserting a small value resistor in series with the 
output. 
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application hints (con't) 

In addition, power dissipation resulting from 
driving capacitative loads plus standby power 
should be kept below total package power rating: 

P diss — p dc + P AC 
pkg 

P dlss > (V + -V-) X I s + P AC 

Pkg 

P AC = (Vp.p ) 2 X f X C L 

where V P . P = Peak-to-peak output voltage swing 
f = frequency 
C L = Load Capacitance 

Operation Within an Op Amp Loop: Both devices 
may be used as a current booster or isolation 
buffer within a closed loop with op amps such 
as LH0032, LH0062, or LM118. An isolation 


resistor of 47£2 should be used between the op 
amp output and the input of LH0033. The wide 
bandwidths and high slew rates of the LH0033 
and LH0063 assure that the loop has the charac- 
teristics of the op amp and that additional rolloff 
is not required. 

Hardware: In order to utilize the full drive 
capabilities of both devices, each should be 
mounted with a heat sink particularly for ex- 
tended temperature operation. The cases of both 
are isolated from the circuit and may be con- 
nected to system chassis. Heat sinks are com- 
mercially available at low cost; the following or 
their equivalents are recommended: 

LH0033G (TO-8 pkg): Thermalloy #2240A 
Wakefield #21 5-CB 

LH0063K (TO-3 pkg): IERC #LAIC3B4V 
Mounting and test sockets are available from: 

LH0033G (TO-8 pkg) : Barnes Corp. #MGX-1 2 

LH0063K (TO-3 pkg): Keystone Elect. (N.Y.) 

#4626 or #4627 


schematic diagrams 


LH0033/LH0033C LH0063/LH0063C 



PIN NUMBERS SHOWN FOR TO-8 ("G") PACKAGE. 
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LH0033/LH0033C, LH0063/LH0063C 
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Operational Amplifiers 


LH0036G/LH0036CG instrumentation amplifier 
general description 


The LH0036G/LH0036CG is a true micro power 
instrumentation amplifier designed for precision 
differential signal processing. Extremely high accu- 
racy can be obtained due to the 300 M£2 input 
impedance and excellent 100 dB common mode 
rejection ratio. It is packaged in a hermetic TO-8 
package. Gain is programmable with one external 
resistor from 1 to 1000. Power supply operating 
range is between ±1 V and ±18V. Input bias current 
and output bandwidth are both externally ad- 
justable or can be set by internally set values. 
The LH0036G is specified for operation over the 
-55°C to +125°C temperature range and the 


LH0036CG is specified for operation over the 
-25°C to +85°C temperature range. 

features 

■ High input impedance 300 M£2 

■ High CMRR 100 dB 

■ Single resistor gain adjust 1 to 1000 

■ Low power 90/iW 

■ Wide supply range ±1V to ±18V 

■ Adjustable input bias current 

■ Adjustable output bandwidth 

■ Guard drive output 


equivalent circuit and connection diagrams 



TO-8 Metal Can Package 

GUARD DRIVE 

OUTPUT BANDWIDTH 



CMRR 

TRIM 


TOP VIEW 

Order Number LH0036G or LH0036CG 
See Package 6 
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absolute maximum ratings 




Supply Voltage 

±18V 

Short Circuit Duration 

Continuous 

Differential Input Voltage 

±30V 

Operating Temperature Range 


Input Voltage Range 

±v s 

LH0036 

~55°C to +125°C 

Shield Drive Voltage 

±v s 

LH0036C 

-25°C to +85°C 

CMRR Preset Voltage 

±v s 

Storage Temperature Range 

-65°C to +150°C 

CMRR Trim Voltage 

±v s 

Lead Temperature, Soldering 10 seconds 

300°C 

Power Dissipation (Note 3) 

1.5W 



electrical characteristics (Notes land 2) 





1 LIMITS 


PARAMETER 


i LH0036 

| LH0036C 

UNITS 




TYP 

MAX 


TYP 



Input Offset Voltage 

R s = 1.0k£2, T a = 25° C 


0.5 

1.0 


1.0 

2.0 

mV 

(V, OS ) 

R s = I.Okfi 



2.0 



3.0 

mV 

Output Offset Voltage 

R s = 1.0 kn , T A = 25° C 


2.0 

5.0 


5.0 

10 

mV 

( v oos) 

R s = I.Okft 



6.0 



12 

mV 

Input Offset Voltage 
Tempco (AV| OS /AT) 

R s < I.Okft 


10 



10 


juV/°C 

Output Offset Voltage 
Tempco (AV oos /AT) 



15 



15 


pV/°C 

Overall Offset Referred 

A v = 1.0 


2.5 



6.0 


mV 

to Input (V os ) 

A v = 10 


0.7 



1.5 


mV 


o 

o 

> 

< 


0.52 



1.05 


mV 


A v = 1000 


0.502 



1.005 


mV 

Input Bias Current 

T a = 25°C 


40 

100 


50 

125 

nA 

d B ) 




150 



200 

nA 

Input Offset Current 

T a = 25° C 


10 

40 


20 

50 

nA 

Oos) 




80 



100 

-nA 

Small Signal Bandwidth 

A v = 1.0, R l = lOkfi 


350 



350 


kHz 


A v = 10, R l = 10kS2 


35 



35 


kHz 


A v = 100, R l = 10kn 


3.5 



3.5 


kHz 


A v = 1000, R l = 10k£2 


350 



350 


Hz 

Full Power Bandwidth 

V, N =±10V, R l = 10k, 

A v = 1 


5.0 



5.0 


kHz 

Input Voltage Range 

Differential 

±10 

±12 . 


±10 

±12 


V 


Common Mode 

±10 

±12 


±10 

±12 


V 

Gain Nonlinearity 



0.03 



0.03 


% 

Deviation From Gain 
Equation Formula 

A v = 1 to 1000 


±0.3 

±1.0 


±1.0 

±3.0 

% 

PSRR 

±5.0V < V s <±15V, 

A v = 1.0 


1.0 

2.5 


1.0 

5.0 

mV/V 


±5.0V < V s < ± 1 5V, 

A v = 100 


0.05 

0.25 


0.10 

0.50 

mV/V 

CMRR 

A v = 1 .0 DC to 


1.0 

2.5 


2.5 

5.0 

mV/V 


A v = 10 100 Hz 


0.1 

0.25 


0.25 

0.50 

mV/V 


A v = 100 AR S = 1.0k 


10 

25 


25 

50 

MV/V 

Output Voltage 

V s = ±15V, R l = 10kft, 

±10 

±13.5 


±10 

±13.5 


V 


V s =±1.5V, R l = 100k£2 

±0.6 

±0.8 


±0.6 

±0.8 


V 

Output Resistance 



0.5 



0.5 


n 

Supply Current 



300 

400 


400 

600 

MA 

Equivalent Input Noise 
Voltage 



20 



20 


mV/ p-p 

Slew Rate 

AV, n =±10V, 

R l = 10kl2, A v = 1.0 


0.3 



0.3 


V/ms 

Settling Time 

To ±10 mV, R l = lOkft, 
AVqut = 1.0V 









A v = 1.0 


3.8 



3.8 


MS 


o 

o 

> 

< 


180 



180 


MS 


Note 1: Unless otherwise specified, all specifications apply for V§ = ±15V, Pins 1, 3, and 9 grounded, -25°C to +85°C for the 
LH0036C and -55°C to +125°C for the LH0036. 

Note 2: All typical values are for T/\ = 25°C. 

Note 3: The maximum junction temperature is 150°C. For operation at elevated temperature derate the G package on a 
thermal resistance of 90°C/W, above 25° C. 
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INPUT BIAS CURRENT (nA) CLOSED LOOP GAIN (V/V) OUTPUT VOLTAGE (V P P ) SUPPLY CURRENT (^A) 














applications information 

THEORY OF OPERATION 



FIGURE 1. Simplified LH0036 

The LH0036 is a 2 stage amplifier with a high 
input impedance gain stage comprised of A-| and 
A 2 and a differential to single-ended unity gain 
stage, A 3 . Operational amplifier, A 1# receives 
differential input signal, e-,, and amplifies it by a 
factor equal to (R1 + R G )/R G . 

A-, also receives input e 2 via A 2 and R2. e 2 is seen 
as an inverting signal with a gain of R1/R G . At 
also receives the common mode signal e CM and 
processes it with a gain of +1. 

Hence: 

R1 + R g R1 

Vi - - eT — — e 2 + e CM (1) 

Rg Rg / 

By similar analysis V 2 is seen to be: 

R2+R g R2 

^2 = - e 2 — ~ e 1 + e CM (2) 

Rg Rg 

For R1 = R2: 

V2 - Vl= [© +1 ] ,e2 - e,) <3) 
Also, for R3 = R5 = R4 = R6, the gain of A 3 = 1, 
and: 


e 0 = (1)(V 2 -V 1 ) = (e 2 -e 1 ) 



As can be seen for identically matched resistors, 
e CM is cancelled out, and the differential gain is 
dictated by equation (4). 


For the LH0036, equation (4) reduces to: 


A V cl 


e 0 50k 

1 — = i + 

e 2 — e-, R g 


(5a) 


The closed loop gain may be set to any value from 
1 (R g = °°) to 1000 (R g = 5012). Equation (5a) 
re-arranged in more convenient form may be used 
to select R g for a desired gain: 


50k 

R g = 

Avcl — 1 


(5b) 


USE OF BANDWIDTH CONTROL (pin 1) 

In the standard configuration, pin 1 of the LH0036 
is simply grounded. The amplifier's slew rate in 
this configuration is typically 0.3V;us and small 


signal bandwidth 350 kHz for A V cl — 1 - In some 
applications, particularly at low frequency, it may 
be desirable to limit bandwidth in order to mini- 
mize the overall noise bandwidth of the device. A 
resistor R BW may be placed between pin 1 and 
ground to accomplish this purpose. Figure 2 shows 
typical small signal bandwidth versus R B w- 



R B w - RESISTANCE FROM PIN 1 TO GROUND (£2) 

FIGURE 2. Bandwidth vs Rbw 
It also should be noted that large signal bandwidth 
and slew rate may be adjusted down by use of 
Rbw- Figure 3 is plot of slew rate versus R BW . 



R bw - RESISTANCE FROM PIN 1 TO GROUND (£2) 

FIGURE 3. Output Slew Rate vs Rbw 
CMRR CONSIDERATIONS 
Use of Pin 9, CMRR Preset 
Pin 9 should be grounded for nominal operation. 
An internal factory trimmed resistor, R6, will 
yield a CMRR inexcessof 80 dB (for A V cl = 100). 
Should a higher CMRR be desired, pin 9 should 
be left open and the procedure, in this section 
followed. 


DC Off set Voltage and Common Mode 
Rejection Adjustments 

Off-set may be nulled using the circuit shown in 
Figure 4. 


v + 



FIGURE 4. Vos Adjustment Circuit 
Pin 8 is also used to improve the common mode 
rejection ratio as shown in Figure 5. Null is 
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applications information (con't) 

achieved by alternately applying ±10V (for V + & 

V = 15V) to the inputs and adjusting R1 for 
minimum change at the output. 


+15V 



FIGURE 5. CMRR Adjustment Circuit 

The circuits of Figure 4 and 5 may be combined 
as shown in Figure 6 to accomplish both V Q s 
and CMRR null. However, the V Q s and CMRR 
adjustment are interactive and several iterations 
are required. The procedure for null should start 
with the inputs grounded. 



-15 V 


FIGURE 6. Combined CMRR, VqS Adjustment Circuit 

R2 is adjusted for V Q s null. An input of +10V 
is then applied and R1 is adjusted for CMRR null. 
The procedure is then repeated until the optimum 
is achieved. 

A circuit which overcomes adjustment interaction 
is shown in Figure 7. In this case, R2 is adjusted 
first for output null of the LH0036. R 1 is then 
adjusted for output null with +10V input. It is 
always a good idea to check CMRR null with a 
-10V input. The optimum null achievable will 
yield the highest CMRR over the amplifiers com- 
mon mode range. 


+15V 



FIGURE 7. Improved Vos, CMRR Mulling Circuit 


AC CMRR Considerations 

The ac CMRR may be improved using the circuit 
of Figure 8. 


+15V 



FIGURE 8. Improved AC CMRR Circuit 

After adjusting R1 for best dc CMRR as before, 
R2 should be adjusted for minimum peak-to-peak 
voltage at the output while applying an ac 
common mode signal of the maximum amplitude 
and frequency of interest. 

INPUT BIAS CURRENT CONTROL 


Under nominal operating conditions (pin 3 ground- 
ed), the LH0036 requires input currents of 40 nA. 
The input current may be reduced by inserting a 
resistor (R B ) between 3 and ground or, alter- 
natively, between 3 and V . For R B returned to 
ground, the input bias current may be predicted 
by: 


Ibias — 


V + - 0.5 
4 x 10 8 + 800 R b 


(6a) 


or 

V + — 0.5 — <4x1 0 s ) (l BIAS ) 

r b 

800 l B)AS 

Where: 


(6b) 


•bias = Input Bias Current (nA) 

R b = External Resistor connected between 
pin 3 and ground (Ohms) 

V + = Positive Supply Voltage (Volts) 

Figure 9 is a plot of input bias current versus R B . 



10k 100k 1.0M 10M 100M 

R b - RESISTANCE FROM PIN 3 TO GROUND (n) 

FIGURE 9. Input Bias Current as a Function of Rg 


As indicated above, R B may be returned to the 
negative supply voltage. Input bias current may 
then be predicted by: 

(V + — V") — 0.5 

' BIAS _ 4 x 1 0 8 + 800 R B (7) 
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or 

(V + — V") — 0.5 — (4 x 10 b )(I bias ) 

R b = (8) 

800 I bias 

Where: 

'bias = Input Bias Current (nA) 

R b = External resistor connected between 
pin 3 and V" (Ohms) 

V + = Positive Supply Voltage (Volts) 

V” = Negative Supply Voltage (Volts) 



10k 100k 1.0M 10M 100M 

R b - RESISTANCE FROM PIN 3 V“ (a) 

FIGURE 10. Input Bias Current as a Function of Rq 


Figure 10 is a plot of input bias current versus 
R b returned to V it should be noted that band- 
width is affected by changes in R B . Figure 1 1 is a 
plot of bandwidth versus R B . 



10k 100k 1.0M 10M 100M 

R b - RESISTANCE FROM PIN 3 TO GROUND (1 1) 


FIGURE 11. Unity Gain Bandwidth as a Function of R B 


BIAS CURRENT RETURN 
PATH CONSIDERATIONS 

The LH0036 exhibits input bias currents typically 
in the 40 nA region in each input. This current 
must flow through R )SO as shown in Figure 12. 



In a typical application, V s = ±15V, I B1 = l B2 = 
40 nA, the total current, l T , would flow through 
R| SO causing a voltage rise at point A. For values 
of Riso > 1 50 M£2, the voltage at point A exceeds 
the +12V common range of the device. Clearly, 
for Riso = °°, the LH0036 would be driven to 
positive saturation. 


The implication is that a finite impedance must 
be supplied between the input and power supply 
ground. The value of the resistor is dictated by 
the maximum input bias current, and the common 
mode voltage. Under worst case conditions: 


n ^ V CMR “ VcM 
Riso S ; 


Where: 


(9) 


Vcmr = Common Mode Range (10V for 
the LH0036) 

Vcm = Common Mode Voltage 
It = I b i + I B2 


In applications in which the signal source is float- 
ing, such as a thermocouple, one end of the source 
may be grounded directly or through a resistor. 


GUARD OUTPUT 


Pin 2 of the LH0036 is provided as a guard drive 
pin in those stringent applications which require 
very low leakage and minimum input capacitance. 
Pin 2 will always be biased at the input common 
mode voltage. The source impedance looking into 
pin 2 is approximately 15 k£2. Proper use of the 
guard/shield pin is shown in Figure 13. 


+15V 



For applications requiring a lower source impedance 
than 15 k!2, a unity gain buffer, such as the 
LH0002 may be inserted between pin 2 and the 
input shields as shown in Figure 14. 
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Operational Amplifiers 


LH0045/LH0045C two wire transmitter 


general description 


features 


The LH0045/LH0045C Two Wire Transmitters 
are linear integrated circuits designed to convert 
the voltage from a sensor to a current, and send 
it through to a receiver, utilizing the same simple 
twisted pair as the supply voltage. 

The LH0045 and LH0045C contain an internal 
reference designed to power the sensor bridge, 
a sensitive input amplifier, and an output current 
source. The output current scale can be adjusted 
to match the industry standards of 4.0 mA to 
20 mA or 10 mA to 50 mA. 


■ High sensitivity 

■ Low input offset voltage 

■ Low input bias current 

■ Single supply operation 

■ Programmable bridge reference 
(LH0045G) 


> 10 jiiA//iV 

1.0 mV 

2.0 nA 
10V to 50V 
5.0V to 30V 


■ Non-interactive span and null adjust 

■ Over compensation capability 


Designed for use with various sensors, the LH0045/ 
LH0045C will interface with thermocouples, strain 
gauges, or thermistors. The use of the power 
supply leads as the signal output eliminates two 
or three extra wires in remote signal applications. 
Also, current output minimizes susceptibility to 
voltage noise spikes and eliminates line drop 
problems. 


■ Supply reversal protection 

The LH0045/LH0045C is intended to fulfill a wide 
variety of process control, instrumentation, and 
data acquisition applications. The LH0045 is 
guaranteed over the temperature range of — 55° C to 
+125°C; whereas the LH0045C is guaranteed from 
-25° C to +85°C. 


equivalent schematic and connection diagrams 



12 PIN T0-B (“G") PACKAGE. 


TO-8 



TOP VIEW 

•NOTE: PIN 5 IS SHORTED TD PIN E TO OBTAIN A 
NOMINAL +5.1V, V REF . LEFT OPEN V REF = +1DV. 

THE CASE IS ISOLATED FROM THE CIRCUIT 
FOR BOTH T0-3 AND TO 8 

Order Number LH0045G or LH0045CG 
See Package 6 

TO-3 



See Package 19 
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absolute maximum ratings 

Supply Voltage (LI to common) 

Input Current 

Input Voltage (Either Input to Common) 
Differential Input Voltage 
Output Current (Either LI or L2) 

Reference Output Current 
Power Dissipation 
LH0045G 
LH0045K 

Operating Temperature Range 
LH0045 
LH0045C 

Storage Temperature Range 

Lead Temperature (Soldering, 10 seconds) 


+50V 
±20 mA 
0V tO Vr £ p 
±20 V 
50 mA 
5.0 mA 


-55 C to +125 C 
-25°C to +85°C 
-65°C to +1 50° C 
300°C 


electrical characteristics (Notei) 


Input Offset Voltage (V os ) 


Coefficient (AV os /AT) 
Input Bias Current (l B ) 


Input Offset Current ( 1 0 s ) 


Open Loop 

Transconductance (g MO L) 


CONDITIONS 

| LH0045 | 

| LH0045C j 

UNITS 


MIN 

TYP 

MAX 

MIN 

TYP 

MAX 


= 4.0 mA, T a = 25°C 


0.7 

2.0 


2.0 

7.5 

mV 

= 4.0 mA 



3.0 



10 

mV 

= 4.0 mA 


3.0 



6.0 


MV/°C 

* = 25° C 


0.8 

2.0 


1.5 

7.0 

nA 




3.0 



10 

nA 

* = 25° C 


0.05 

0.2 


0.2 

1.0 

nA 




0.4 



1.5 

nA 

l s = 4.0 mA to 20 mA 

10 6 

10 7 


10 6 

10 7 



l s = 10 mA to 50 mA 

2x10 6 

2x10 7 


2x10 6 

2x10 7 


^15 


Supply Voltage Range (V s ) 

Input Voltage Range (V| N ) 

Open Loop Output 
Impedance (Rout) 

Common Mode Rejection 
Ratio (CMRR) 

Power Supply Rejection 
Ratio (PSRR) 


Reference Voltage Load AI REF = 0 

Regulation (AV REF /AI REF ) T A = 25 C 

Reference Voltage Line AV S = 10V 

Regulation (AV REF /AV S ) T A = 25°C 


Coefficient (AV REF /AT) 
Reference Voltage (V REF ) 


Average Temperature 
Coefficient of R9 (TCRg) 


Average Temperature 
Coefficient of R5 (TCR 5 ) 

Input Resistance (R, N ) 


LH0045G pins 5 and 6 open 
LH0045G pins 5 and 6 open 


V s = 10V to 45V, l s =4.0 mA, 
T a = 25° C 


1.0 



1.0 



AV in = 1.0V to 3.3V, 
l s = 12 mA 

0.1 

0.05 


0.1 

0.05 


mV/V 

AV S = 10V to 45V, l s = 12 mA 

0.1 

0.01 


0.1 

0.01 


mV/V 

V s = 50V 


2.0 

3.0 


2.0 

3.0 

mA 

Al REF = 0 mA to 2.0 mA, 

T a = 25°C 


0.05 

0.2 


0.05 

0.2 

% 

AV S = 10V to 45V, 

T a = 25°C 


0.3 

0.5 


0.3 

0.5 

mV/V 

l REF = 2.0 mA 


0.004 



0.004 


%/°C 

l REF = 2.0 mA, T a = 25° C 

4.3 

5.1 

5.9 

4.3 

5.1 

5.9 

V 

l REF = 2.0 mA, T a = 25°C, 
LH0045G pins 5 and 6 open 

8.6 

10.3 

12 

8.6 

10.3 

12 

V 

l s = 12 mA, T a = 25° C 

95 

100 

105 

95 

100 

105 

n 

l s = 12 mA 


50 

300 


50 

300 

PPM/°C 

l s = 1.0 mA, T a = 25°C 

950 

1000 

1050 

950 

1000 

1050 

n 

l s = 1.0 mA 


50 

300 


50 

300 

PPM/°C 


Note 1: Unless otherwise specified, these specifications apply for +10V < V§ < +50V, pin 5 shorted to pin 6 on the LH0045G, 
over the temperature range -55°C to +125°C for the LH0045 and -25°C to +85° C for the LH0045C. 
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- REFERENCE VOLTAGE (V) POWER SUPPLY REJECTION RATIO (dB) INPUT NOISE (nV/ x/Hz) POWER DISSIPATION (W) 


typical performance characteristics 


LH0045G Maximum Power 
Dissipation 



0 25 50 75 100 125 150 

TEMPERATURE ( C) 


LH0045K Maximum Power 
Dissipation 



1 

1 

25 C 




c. "JC 

W 





X 





X 









\ 


_l 1 

^JA = 

W 

_J 



25 50 75 100 125 150 

TEMPERATURE ( C) 


Safe Operating Area 



10 20 30 40 50 

SUPPLY VOLTAGE (V) 


Input Noise Voltage 


±: 

P 

rttnft 

G j J j, 

. j. J Mil 

J 

-l- 

- 4 - 

M 

III 

mi 

I!! 

■ IIIIHHBBBMIIIII 

IIMIIIIIII 

iiiilUIIIIIII 

IIIIIBl 

is 

iiii 

mi 

iliilS 

mm 

iiiih 

■iBIIIIIll 

■■min 

T 

p 

I ] 

I. 

.t 

11 


100 1.0k 10k 

FREQUENCY (Hz) 


Input Currents 



Open Loop 
T ransconductance 
vs Frequency 


V ref = 5.1V 
4.0 mA < ^ l s < 20 mA 
- V s = 24V 
T a = 25° C 


-55 -35 -15 5 25 45 65 85 105 125 

TEMPERATURE (°C) 


1.0 10 100 1.0k 10k 100k 1.0M 10M 100M 
FREQUENCY (Hz) 


Power Supply Rejection 
Ratio vs Frequency 


Vref - 5.1V 
- ^ V s = 10V to 45V 
l s = 12 mA 


DO 1.0k 10k 

FREQUENCY (Hz) 


Vref Line Regulation 



0 5.0 10 15 20 25 30 35 40 45 50 
SUPPLY VOLTAGE (V) 


Variation of Vref With 
Temperature Normalized 
to 25° C 



-75 -50 -25 0 25 50 75 100 125 
TEMPERATURE (°C) 


Vref vs Resistance Between 
Pin 5 and Pin 3 


Open Loop Supply 
Current vs Temperature 



Change in R9 With Temperature 
Normalized to 25°C 



-75 -50 -25 0 25 50 75 100 125 

TEMPERATURE ( C) 


-75 -50 -25 0 25 50 75 101 

TEMPERATURE ( C) 
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typical applications* (con't) 



Instrumentation Amplifier Transmitter 


applications information 

CIRCUIT DESCRIPTION AND OPERATION 

A simplified schematic of the LH0045/LH0045C 
is shown in Figure 1. Differential amplifier, A 2 
converts very low level signals to an output current 
via transistor Q1. Reference voltage diode D1 is 
used to supply voltage for operation of A 2 and 
to bias an external bridge. Current source ^ 
minimizes fluctuation in the bridge reference 
voltage due to changes in V s . 

In normal operation, the LH0045/LH0045C is 
used in conjunction with an external bridge 
comprised of R B1 through R B4 . The bridge 
resistors in conjunction with bridge return resistor, 
R5, bias A 2 in its linear region and sense the input 
signal; e.g. R B4 might be a strain sensitive resistor 
in a strain gauge bridge. R T is adjusted to purposely 
unbalance the bridge for 4.0 mA output (null) 
for zero signal input. This is accomplished by 
forcing 2.5/iA more through R B3 than R B4 . 


The 2.5juA imbalance causes a voltage rise of 
(2.5juA) x (100£2) or 250juV at the top of R B3 . 
Terminal L2 may be viewed as the output of an 
op amp whose closed loop gain is approximately 
R f /R b3 = 1600. 

The 250juV rise at the top of R B3 causes a 
voltage drop of (1600) x (250/iV) or -0.4V across 
R9. An output current, l s , equal to 0.4V/R9 or 
4.0 mA is thus established in Q1. If R B4 is now 
decreased by 1.0£2 (due to application of a strain 
force), a —1.0 mV change in input voltage will 
result. This causes L2 to drop to -2.0V. The 
output current would then be 2.0V/100£2 or 20 mA 
(Full Scale). If R B3 is a resistor of the same 
material as R B4 but not subjected to the strain, 
temperature drift effects will be equal in the two 
legs and will cancel. 

In actual practice the loading effects of R B2 on 
the gain (span) and R F on output current must be 
taken into account. 


I s =4.0 m A (NULL, 0%) 

l s = 20 mA (100% FULL SCALE) 



FIGURE 1. LH0045 Simplified Schematic 
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THERMAL CONSIDERATIONS 

The power output transistor of the LH0045 is 
thermally isolated from the signal amplifier, A 2 . 
Nevertheless, a change in the power dissipation 
will cause a change in the temperature of the 
package and thus may cause amplifier drift. These 
temperature excursions may be minimized by 
careful heat sinking to hold the case temperature 
equal to the ambient. With the TO-8 (G) package 
this is best accomplished by a clip-on heat sink 
such as the Thermalloy #2240A or the Wakefield 
#21 5-CB. The 8 lead TO-3 is particularly convenient 
for heat sinking, in that it may be bolted directly 
to many commercial aluminum heat sink extru- 
sions, or to the chassis. In both packages the case 
is electrically isolated from the circuit. 

In addition, the power change can be minimized 
by operating the device from relatively high supply 
voltages in series with a relatively high load resist- 
ance. When the signal forces the supply current 
higher, the voltage across the device will be 
reduced and the internal power dissipation kept 
nearly equal to the low current, high voltage 
condition. 

For example, take the case of a 4.0 mA to 20 mA 
transmitter with a 24V supply and a 10012 load 
resistance. The power at 4.0 mA is (23.6V) x (4.0 
mA) = 94.4 mW while at full scale the power is 
(22V) x (20 mA) = 440 mW. The net change in 
power is 345 mW. This change in power will cause 
a change in temperature and thus a change in 
offset voltage of A 2 . 

If the optimum load resistance of 80012 (from 
Figure 2) is used, the power at null is [24V - 
(4.0 mA) x (80012)] (4.0 mA) = 83 mW. The 
power at full scale is [24V - (20 mA) x (80012)] 
(20 mA) = 160 mW. The net change is 77 mW. 
This change is significantly less than without the 
resistor. 

If the supply voltage is increased to 48V and the 
load resistance chosen to be the optimum value 
from Figure 2 (1.95k), then the power at null is 
[48V - (4.0 mA) x (1.95k)] (4.0 mA) = 160.8 



0 10 20 30 40 50 60 

SUPPLY VOLTAGE (V) 


FIGURE 2. Optimum Load Resistance vs Supply Voltage 


mW and the power at full scale is [48 - (20) x 
(1.95k)] (20 mA) = 180 mW for a net change of 
19.2 mW. 

Note that the optimized load resistance is actually 
the sum of the line resistance, receiver resistances 
and added external load resistance. However, in 
many applications the line resistance and receiver 
resistances are negligible compared to the added 
external load resistance and thus may be omitted 
in calculations. 

AUXILIARY PINS 

The LH0045 has several auxiliary pins designed to 
provide the user with enhanced flexibility and 
performance. The following is a discussion of pos- 
sible uses for these pins. 

Programmable Vref — Pins 5 and 6 (LH0045G 
Only) 

The LH0045G provides pins 5 and 6 to allow the 
user to program the value of the reference voltage. 
The factory trimmed 10V value is obtained by 
leaving 5 and 6 open. A short between 5 and 6 
will program the reference to a. nominal 5.1V 
(equivalent to the fixed value used in the 
LH0045K). 

A resistor or pot may be placed between pin 5 
and common (pin 3) to obtain reference voltages 
between 10V and 30V or between pin 5 and pin 7 
for reference voltages below 10V. Increased ref- 
erence voltage might be useful to extend the 
positive common mode range or to accommodate 
transducers requiring higher supply voltage. A plot 
of resistance between pin 5 and pin 3 versus 
Vref is given in the typical electrical characteristics 
section. V REF may be adjusted about its nominal 
value by arranging a pot from V REF to common 
and feeding a resistor from the wiper into pin 5 
so that it may either inject or extract current. 
Lastly, pin 5 may be used as a nominal 1.7V 
reference point, if care is taken not to unduly 
load it with either dc current or capacitance. 
Obviously, higher supply voltages must be used 
to obtain the higher reference values. The minimum 
supply voltage to reference voltage differential is 
about 4.0V. 

Bridge Return 

An applications resistor is provided in the LH0045 
with a nominal value of 1.0 k!2. The primary 
application for the resistor is to maintain the 
minimum common mode input voltage (1.0V) 
required by the signal amplifier, A 2 . A typical 
input application might utilize a strain gauge or 
thermistor bridge where the resistance of the 
sensor is 10012. Since only 1.0 mA may be drawn 
from V REF , the 1.0 k!2 bridge return resistor is 
used to bias A 2 in its linear region as shown in 
Figure 3. 
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1.0 mA 



FIGURE 3. Use of Bridge Return 

Over Compensation — Pin 8 (LH0045G), 

Pin 6 (LH0045K) 

Over compensation of the signal amplifier, A 2 may 
be desirable in dc applications where the noise- 
bandwidth must be minimized. A capacitor should 
be placed between pin 8 (pin 6 on the LH0045K) 
and pin 3, common. 

Typically, 

1 

3db ~ 2 7T R (C^ + C EXT ) 

where: 

R = 400 Mft 

Cl = Internal Compensation Capacitor = lOOpF 

C E xt = External (over-compensation) 

Capacitor 

Input Guard - Pins 9 and 12 (LH0045G) 

Pins 9 and 12 have no internal connection what- 
ever and thus need not be used. In some critical 
low current applications there may be an advantage 
to running a guard conductor between the inputs 
and the adjacent pins to intercept stray leakage 
currents. Pins 9 and 12 may be connected to this 
guard to simplify the PC board layout and allow 
the guard to continue under the device. (See AN-63 
for further discussion of guarding techniques.) 

NULL AND SPAN ADJUSTMENTS 

Most applications of the LH0045 will require 
potentiometers to trim the initial tolerances of the 
sensor, the external resistors and the LH0045 itself. 
The preferred adjustment procedure is to stimulate 
the sensor, alternating between two known values, 
such as zero and full scale. The span and null are 
adjusted by monitoring the output current on a 
chart recorder, meter, or oscilloscope. A full scale 
stimulus is applied to the sensor and the span 
potentiometer adjusted for the desired full scale. 
Then, to adjust the null, apply a zero percent 
signal to the sensor and adjust the null potentio- 
meter for the desired zero percent current 
indication. 

If it is impractical to cycle the sensor during the 
calibration procedure, the signal may be simulated 
electrically with two cautions: 1) the calibration 


signal must be floating and 2) the calibration thus 
achieved does not account for sensor inaccuracies 
and/or errors in the signal generator. 

SENSOR SELECTION 

Generally it is easiest to use an insulated sensor. 
If it is necessary to use a grounded sensor, the 
power supply must be isolated from chassis ground 
to avoid extraneous circulating currents. 

DESIGN EXAMPLE 

There are numerous circuit configurations that 
may be utilized with the LH0045. The following 
is intended as a general design example which 
may be extended to specific cases. 

Circuit Requirements 

Output Characteristics 

a. 0% = 4.0 mA (NULL) 

b. 100% = 20 mA (SPAN = 16 mA) 

c. Supply Voltage = 24V 

Input (Sensor) Characteristics 

a. V, N = 100 mV (Full Scale) 

b. V, N = 0 mV (Zero Scale) 

c. Source Impedance < 1.0£2 

General Characteristics 

a. 0°C < T a < +75°C 

b. Overall Accuracy < 0.5% 



FIGURE 4. Design Example Circuit 


Selection of Rp 

Input bias current to the LH0045C is guaranteed 
less than 10 nA. Furthermore, the change in l B 
over the temperature range of interest is typically 
under 1.0 nA. If l 2 span is selected to be I.OjuA 
(1000 A l B ) errors due to A I B /A T will be less 
than 0.1%. For SPAN = 16 mA. 

V SPAN = AV-, = — (16 mA)(R9) = —1.6 V 
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where R9 = Internal Current Set Resistor = 100ft Hence, the current required to generate the null 

For l 2 span = voltage, l 2 null ' s: 


Rf 


Vspan -1.6V 

= = 1.6M 

1 2 SPAN 1.0/iA 


>2 NULL 


Vmin Vt null 

Rf 


R f = 1.6 Mft 


Selection of Rbi and Rb2 


The minimum input common mode voltage, V M in 
required at the pin 10 input of A 2 is 1.0V. 
Furthermore, the maximum open loop supply 
current (l SO i_) drawn by the LH0045 is 3.0 mA. 
That leaves l M | N = 4.0 mA - 3.0 mA = 1.0 mA 
left to bias the bridge at null. Hence: 


R B2 


> 


Vmin 

Imin 


1.0 V 
1.0 mA 


1.0 kft 


And, 


1.0V -(-0.4V) 
1.6 Mft 


= 0.875/iA 


This current must be provided by R os from 
Vref»‘ hence: 

Vref ~ Vmin 
R os ; 

h NULL 

The nominal value for V REF is 5.1V, therefore 
the nominal value for R os is: 

5.1V - 1.0V 

or 

0.875juA 

R os = 4.6 Mft 


Vref Rb2 
Rbi + Rb2 


1.0V 


Rbi 


R B2 


Vref -1.0V 
1.0V 


= 1.0k (5.1 -1.0) 


R B1 » 4.0 kft 


It should be noted however, that the variation of 
V REF may be as high as 5.9V or as low as 4.3V. 
Furthermore, the tolerances of R9 (100ft), R B1 . 
R B2 , and the input V Q s of A 2 would predict values 
for R 0 s as low as 3.98M and as high as 5.43M. The 
implication is that in the specific case, R 0 s should 
be implemented with a pot, of appropriate value, 
in order to accommodate the tolerances of V REF , 
R9, V Q Sf Rbi * Rb 2» e t c - 


Alternatively, an LM113, 1.22V reference diode, 
or an op amp such as the LM108 may be used to 
bias the signal amplifier, A 2 as shown in Figure 5. 
These techniques have the advantage of lowering 
the impedance seen at pin 10. 

Selection of Rqs 


Selection of R 

SPAN is required to be 16 mA. From feedback 
theory and the gain equation we know: 

R f 1 

■span " V| N — x — 


R os is selected to provide the null current of 
4.0 mA, Vi null = 4.0 mA x 100ft = 0.4V. 
From previous calculations we know that V M | N = 
1 .0V. The voltage pin 1 1 , V 2 is: 


where: 

R = total impedance in signal path between 
pin 10 and pin 1 1 


V2 - V M in + Vos — Vmin 


R9 = Current setting resistor = 100ft 


for V | N = 0V 


V 1N = Full scale input voltage = 100 mV 




FIGURE 5. Alternate Biasing Techniques 
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(V|N ) (Rf) 

('span) (R9) 

(100 mV) (1.6 M12) 

R 

(16 mA) (10012) 

R = 100 k!2 

As before, uncertainties in device parameters might 
dictate that R F be made a pot of appropriate 
value. 

Summary of the Steps to Determine 
External Resistor Values 

1. Select IpULL SCALE = InULL + *SPAN f° r the 
desired application. (I NULL > s frequently 
4.0 mA and l FULL scale ' s frequently 
20 mA.) 

2. Select l 2 span so that it is large compared to 
AI b . 1000 AI b is a good value. 


V tN = Sensor full scale output voltage 


ERROR BUDGET ANALYSIS 
Errors Due to Change in Vref (AVref) 

There are several factors which could cause a 
change in V REF . First, as the ambient temperature 
changes, a V REF drift of ±012 mV/°C might 
be expected. Secondly, supply voltage variations 
could cause a 0.5 mV/V change in V REF . Lastly, 
self-heating due to power dissipation variations 
can cause drift of the reference. 


An overall expression for change in V REF is: 


AV ref = [(0)(AP diss ) + AT a ] 


Thermal Effects 


3. Determine V s 


AV 2 = (I SPA n)(R9). 


4. Determine R F - (V SPAN /I 2 span) 


Supply Voltage Effects 


V M)N = minimum common mode input 
voltage 

Imin = minimum available bridge current 

•sol = maximum open loop supply 
current 

6. Determine 


Rbi “ Rb 2 


7. Determine V 2 null — Inull R9 


8. Determine 


9. Determine 


'MIN v 2 NULL 


d = Thermal resistance, either 

junction-to-ambient to junction 
to case 

APdiss = Change in avg. power dissipation 

AT a = Change in ambient temperature 

AV ref _ Reference voltage drift 
"7 t (in mV/°C) 


Line regulation of V RE 


Several steps may be taken to minimize the 
bracketed terms in the equation above. For 
example, operating the LH0045G with a heat-sink 
reduces the thermal resistance from 0 JA = 83°C/W 
to 0 JC = 60°C/W. For the LH0045K (TO-3) 
0 ja = 40°C/W may be reduced to 0 JC = 25°C/W 
by using a heat sink. The AP mss term may be 
significantly reduced using the power minimiza- 
tion technique described under "Thermal Con- 
siderations." For the design example, AP D | SS is 
reduced from 384 mW to 77 mW (R L = 80012.) 
Evaluating the LH0045G with a heat-sink and 
R L = 80012 yields. 


/ 60° C 


(0.077W) + 75' 


,c)(2^) 


10. Determine 


(VinMRf) 
(•span) (R9) 


The LH0045K (TO-3) under the same operating 
conditions would exhibit a AV REF = 23 mV. 
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An expression for error in the output current 
due to AV REF is: 


Al s _ 10q (K) (RqsHAVref) ~ (1-K)(AV ref )(R f ) 

Ispan (R9)(Rqs)(IsPAn) 


Where: 

AV REF = Total change in V REF 

K - ^ 

RbI + Rb2 

R9 = Current set resistor 

•span = Change in output current from 
0% to 100% 


For example, AV REF = 24 mV, K = 0.2, R9 = 
100ft, I S pan = 16 mA. Hence, a 0.12% worst case 
error might be expected in output currents due to 
AV ref effects. 

Error Due to Vqs Drift 

One of the primary causes of error in l s is caused 
by V 0 s drift. Drift may be induced either by 
self heating of the device or ambient temperature 
changes. The input offset voltage drift, AV 0 s/AT, 
is nominally 3.3/uV/°C per millivolt of initial offset. 
An expression for the total temperature dependent 
drift is: 


AV os = [(0)(AP D1SS ) + AT a ] — 

AT 

Where: 

6 = Thermal resistance either junction- 
to-ambient or junction-to-case 

APdiss = Change in average power dissipation 

AT a = Change in ambient temperature 

The bracketed term may be minimized by 
heat sinking and using the power minimiza- 
tion technique described under "Thermal 
Considerations." For the LH0045G design 
example, AV 0 s = 0.352 mV under ambient 
conditions and 0.263 mV using a heat-sink 
and R l = 800ft. Comparable V Q s for the 
LH0045K would be 0.254 mV. 


The error in output current due to AV 0 s is: 


Al s 


(in %) = 100 x 


AV, 


os 


= 100 X - 


V|N (FULL SCALE) 

Rf 


( R) ( R9) (Ispan ) 


For the design example, AV os = 0.263 mV, V iN 
(Full Scale) = 100 mV. Hence, 0.26 mV -5- 100 mV 
or 0.26% worst case error could be expected in 
output current effects. 

Errors Due to Changes in R9 

The temperature coefficient of R9 (TCR) will 
produce errors in the output current. Changes in 
R9 may be caused by self-heating of the device or 
by ambient temperature changes. 

Al s AR9 

(in %) = 100 (d P D iss + AT a ) 

•span AT 

Where: 

d = Thermal resistance either from 
junction-to-ambient or junction-to- 
case 

AP D1SS = Change in average power dissipation 
AT a = Change in ambient temperature 
AR9 

= TCR of R9 

AT 

Using the LH0045G design example, AR9/AT = 
0.03%/°C, hence a 3.2% worst case error in output 
current might be expected for operation without 
a heat sink over the temperature range. 

Heat sinking the device and using R L = 800ft, 
reduces AI s /I span to 2.3%. Comparable error for 
the LH0045K would also be about 2.3%. 

The error analysis indicates that the internal 
current set resistor, R9 is inadequate to satisfy 
high accuracy design criterion. In these instances, 
an external 10012 resistor should be substituted 
for R9. 

Obviously, the TCR of the resistor should be low. 
Metal film or wire-wound resistors are the best 
choice offering TCR's less than 10 ppm/°C versus 
50 ppm/°C typical drift for R9. 

External Causes of Error 

The components external to the LH0045 are also 
critical in determining errors. Specifically, the 
composition of resistors R B1 , Rqs* Rf» etc - 
in the design example will influence both drift 
and long term stability. 

In particular, resistors and potentiometers of wire 
wound construction are recommended. Also, metal- 
film resistors with low TCR (< 10 ppm/°C) may 
be used for fixed resistor applications. 
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Error Analysis Summary 

The overall errors attributable to the LH0045 
may be minimized using heat sinking, and utiliza- 
tion of an external load resistor. Although R L 
reduces the compliance of the circuit, its. use is 
generally advisable in precision applications. Ex- 
ternal components should be selected for low 
TCR and long-term stability. 


The design example errors, using an external 
10012 wire wound resistor for R9 equal: 


Al s 

Ispan 


0 . 12 % + 

av ref 


0.26% + 0.08% = 0.46% 
AV os AR9 


SOCKETS AND HEAT SINKS 

Mounting sockets, test sockets, and heat sinks 
are available for the G package and K package. 

The following or their equivalents are 
recommended: 

Sockets: 

G- 1 2 lead TO-8: Barnes Corp. #MGX-1 2 
Textool #212-100-323 

K - 8 lead TO-3: Keystone Elec. (N.Y.) #4626 
or #4627 


Heat Sinks 

G - 12 lead TO-8: Thermalloy #2240A 
Wakefield #215-CB 

K - 8 lead TO-3: I ERC #LAIC 3B4V 
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LH0053/LH0053C high speed sample and hold amplifier 


general description 

The LH0053/LH0053C is a high speed sample 
and hold circuit capable of acquiring a 20V step 
signal in under 5.0/js. 

The device is ideally suited for a variety of high 
speed data acquisition applications including analog 
buffer memories for A to D conversion and 
synchronous demodulation. 

An auxiliary switch within the device extends its 
usefulness in applications such as preset integrators. 


featu res 

■ Sample acquisition time 5.0/is max for 20V 
signal 

■ FET switch for preset or reset function 

■ Sample accuracy null 

■ Offset adjust to 0V 

■ DTL/TTL compatible FET gate 

■ Single storage capacitor 


schematic and connection diagrams 


STORAGE 

FEEDBACK V + CAPACITOR 



ac test circuit 


Metal Can Package 

OFFSET 



Order Number LH0053G 


OUTPUT 


or LH0053CG 
See Package 6 



Acquisition Time Test Circuit 
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absolute maximum ratings 

Supply Voltage (V + and V ) ±18V 

Gate Input Voltage (V 6 and V 7 ) ±20V 

Analog Input Voltage (V 4 ) ±15V 

Input Current (l 8 and l 5 ) ±10 mA 

Power Dissipation 1.5W 

Output Short Circuit Duration Continuous 

Operating Temperature Range 

LH0053 -55°C to +1 25°C 

LH0053C — 25°C to +85° C 

Storage Temperature Range -65°C to +1 50° C 

Lead Temperature (Soldering, 10 seconds) 300°C 


electrical characteristics (Notei) 




LIMITS 


PARAMETER 

CONDITIONS 

LH0053 

LH0053C 

UNITS 



MIN 

TYP 

MAX 

MIN 

TYP 

MAX 


Sample (Gate "0") 
Input Voltage 




0.5 



0.5 

V 

Sample (Gate "0") 

V 6 = 0.5V, T a =,25° C 



-5.0 



-5.0 

/iA 

Input Current 

V 6 = 0.5 



-100 



-100 

MA 

Hold (Gate "1") 

Input Voltage ' 


4.5 



4.5 



V 

Hold (Gate “I") 

V 6 = 4.5V, T a = 25° C 



1.0 



1.0 

nA 

Input Current 

V 6 = 4.5V 



1.0 



1.0 

//A 

Analog Input 

Voltage Range 


±10 

±11 


±10 

±11 


V 

Supply Current 

V 4 = OV 

V 6 = 0.5V 


13 

18 


13 

18 

mA 

Input Bias Current 

(L> 

V 4 = 0V, T a = 25° C 


120 

250 


150 

500 

nA 

Input Resistance 


9.0 

10 

11 

9.0 

10 

11 

kC2 

Analog Output 

Voltage Range 

R l = 2.0k 

±10 

±12 


±10 

±12 


V 

Output Offset 

V 4 = 0V, V 6 = 0.5V, T a = 25°C 


5.0 

7 0 


50 

10 

mV 

Voltage 

V 4 = 0V, V 6 = 0.5V 



10 



15 

mV 

Sample Accuracy 
(Note 2) 

V 4 = ±10V, V 6 = 0.5V, T a = 25°C 


0.1 

0.2 


0.1 

0.3 

% 

Aperture Time 

AV 6 = 4.5V, T a = 25°C 


10 

25 


10 

25 

ns 

Sample Acquisition 

V 4 = ±10V,T a = 25°C, 


5.0 

10 


8.0 

15 

jus 

Time 

C F = 1000 pF 








Sample Acquisition 

V 4 =±10V,T a = 25°C, 


4.0 



4.0 


jus 

Time 

C F = 100 pF 








Output Slew Rate 

AV, n =±10V,T a = 25° C, 

C F = 1000 pF 


20 



20 


V/ms 

Large Signal 

V 4 =±10V,T a = 25°C, 


200 



200 


kHz 

Bandwidth 

C F = 1000 pF 








Leakage Current 

V 4 =±10V,T A - 25°C, 


6.0 

30 


10 

50 

pA 

(Pin 5) 

V 4 = ±10V 



30 



3.0 

nA 

Drift Rate 

V 4 =±10V, T a = 25°C, 

C F = 1000 pF 


6.0 

30 


10 

50 

mV/s 

Drift Rate 

V 4 =±10V,C F = 1000 pF 



30 



3.0 

V/s 

Q2 Switch ON 

Resistance 

V 7 = 0.5V, l 8 = 1 .0 mA, T a = 25°C 


100 

300 


100 

300 

n 


Note 1: Unless otherwise noted, these specifications apply for V$ = ±15V, pin 9 grounded, a 1000 pF capacitor between pin 
5 and pin 11, pin 3 shorted to pin 11, over the temperature range -55° C to +125°C for the LH0053 and -25°C to +85°C for 
the LH0053C. All typical values are for T/\ = 25°C. 

Note 2: Sample accuracy may be nulled by inserting a potentiometer in the feedback loop. This compensates for source 
impedance and feedback resistor tolerances. 
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typical applications (con't) 




applications information 

SOURCE IMPEDANCE COMPENSATION 

The gain accuracy (linearity) of the LH0053/ 
LH0053C is set by two internal precisionresistors. 
Circuit applications in which the source impedance 
is non-zero will result in a closed loop gain error, 
e.g. if R s = 1012, a gain error of 0.1% results. 
Figure 1 and 2 show methods for accommodating 
non-zero source impedance. 

DRIFT ERROR MINIMIZATION 

In order to minimize drift error, care in selection 
C F and layout of the printed circuit board is 
required. The capacitor should be of high quality 
teflon, polycarbonate or polystyrene construction. 
Board layout and clean lines are critical particularly 
at elevated temperature. 

A ground guard (shield) surrounding pin 5 will 
minimize leakage currents to and from the summing 
junction, arising from extraneous signals. See 
AN-63 for detailed recommendations. 

CAPACITOR SELECTION 

The size of the capacitor is determined by the 
required drift rate usually at the expense of 
acquisition time. 


The drift is dictated by leakage current at pin 5 
and is given by: 
dv _ l L 
dt C F 

Where l L is the leakage current at pin 5 and C F 
is the value of the capacitance. The room tempera- 
ture leakage of the LH0053 is typical 6.0 pA, and 
a 1000 pF capacitor will yield a drift rate of 
6.0 mV per second. 

For values of C F below 1000 pF acquisition for 
the LH0053 is primarily governed by the slew 
rate of the input amplifier (200V/jiis) and the 
setting time of output amplifier (= 1.0jus). For 
values above C F = 1000 pF, acquisition time is 
given by: 

C F AV 

t a = + t S2 

•dss 

Where: 

C F = The value of the capacitor 

AV = The magnitude of the input step; 
e. g. 20V 

loss = The ON current of switch Q1 
= 5.0 mA 

t S 2 = The setting time of output amplifier 
= 1 .Ojus 
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FIGURE 1. Non-Zero Source Impedance Compensation 



FIGURE 2. Non-Zero Source Impedance Buffering 


GATE INPUT CONSIDERATIONS 
5.0V TTL Applications 

The LH0053 Gate inputs Gate 1 (pin 6) and Gate 
2 (pin 7) will interface directly with 5.0V TTL. 
However, TTL gates typically pull up to 2.5V in 
the logic “1" state. It is therefore advisable to 
use a 10k pull-up resistor between the 5.0V, V cc , 
and the output of the gate as shown in Figure 3. 


+5 0V 



=o 


FIGURE 3. TTL. Logic Compatibility 
CMOS Applications 

The LH0053gate inputs may be interfaced directly 
with 74C, CMOS operating off of V cc 's from 
5.0V to 15V. However transient currents of 
several milliamps can flow on the rising and 
falling edges of the input signal. It is, therefore, 
advisable to parallel the outputs of two 54C/74C 
gates as shown in Figure 4. 

It should be noted that leakage at pin 5 in the 
hold mode will be increased by a factor of 2 to 3 
when operating into 15V logic levels. 


Unused Switch, Q2 

In applications when switch Q2 is not used the 
logic input (pin 7) should be returned to +5.0V 
(or +15V for HTL applications) through a 10k£2 
resistor. Analog Input, preset (pin 8) should be 
grounded. 

V cc 5 0V TO 15V 



HEAT SINKING 

The LH0053 may be operated over the military 
temperature range, -55°C to +125°C, without 
incurring damage to the device. However, a clip 
on heat sink such as the Wakefield 215 Series or 
Thermolloy 2240 will reduce the internal, tempera- 
ture rise by about 20°C. The result is a two-fold 
improvement in drift rate at temperature. 



2-85 


LH0053/LH0053C 



LH0053/LHQ053C 


applications information (con't) 

Since the case of the device is electrically isolated 
from the circuit, the LH0053 may be mounted 
directly to a grounded heat sink. 

POWER SUPPLY DECOUPLING 

Amplifiers A1 and A2 within the LH0053 are very 
wide band devices and are sensitive to power supply 
inductance. It is advisable to bypass V + (pin 12) 
and V" (pin 10) to ground with O.ljuF disc 


capacitors in order to prevent oscillation. Should 
this procedure prove inadequate, the disc capacitors 
should be parallel with 4.7piF solid tantalum 
electrolytic capacitors. 

DC OFFSET ADJUST 

Output offset error may be adjusted to zero using 
the circuit shown in Figure 5. Offset null should 
be accomplished in the sample mode (V 6 <0.5V) 
and analog input (pin 4) equal to zero volts. 
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LH0061/LH0061C 0.5 amp wide band operational amplifier 


general description 

The LH0061/LH0061C is a wide band, high speed, 
operational amplifier capable of supplying currents 
in excess of 0.5 ampere at voltage levels of ±12 V. 
Output short circuit protection is set by external 
resistors, and compensation is accomplished with a 
single external capacitor. With a suitable heatsink 
the device is rated at 20 Watts. 

The wide bandwidth and high output power capa- 
bilities of the LH0061/LH0061C make it ideal for 
such applications as AC servos, deflection yoke 
drivers, capstan drivers, and audio amplifiers. The 


LH0061 is guaranteed over the temperature range 
-55°C to +125°C; whereas, the LH0061C is guar- 
anteed from -25°C to +85°C. 

features 

■ Output current 

■ Wide large signal bandwidth 

■ High slew rate 

■ Low standby power 

■ Low input current 


0.5 Amp 
1 MHz 
75 V/jUs 
240 mW 
300 nA Max 
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LH0061/LH0061C 


absolute maximum ratings 

Supply Voltage ±18V 

Power Dissipation See Curve 

Differential Input Current (Note 2) ±10 mA 

Input Voltage (Note 3) ±15V 

Peak Output Current 2A 

Output Short Circuit Duration (Note 4) Continuous 

Operating Temperature Range LH0061 -55°C to +125°C 

LH0061C -25°C to +85°C 

Storage Temperature Range -65°C to +150°C 

Lead Temperature (Soldering, 10 sec) 300°C 

dc electrical characteristics (Note i) 

PARAMETER 

CONDITIONS 

LIMITS 

UNITS 

LH0061 

LH0061C 




mm 



Input Offset Voltage 

R s ^ 10 kft, T c = 25°C, V s = ±15V 


1.0 

4.0 


3.0 

10 

mV 


R s <. 10 k£2, V s = ±15V 



6.0 



15 

mV 

Voltage Drift with Temperature 

R s ^ 10kS2 


5 



5 


MV/°C 

Offset Voltage Change with Output Power 



5 



5 


/iV/watt 

Input Offset Current 

T c = 25°C 


30 

100 


50 

200 

nA 





300 



500 

nA 

Offset Current Drift with Temperature 



1 



1 


nA/°C 

Input Bias Current 

T c = 25°C 


100 

300 


200 

500 

nA 





1.0 



1.0 

/iA 

Input Resistance 

T c = 25°C 

0.3 

1.0 


0.3 

1.0 


Mft 

Input Capacitance 



3 



3 


pF 

Common Mode Rejection Ratio 

R s <L 10 kfi, AV C m = ±10V 

70 

90 


60 

80 


dB 

Input Voltage Range 

V S = ±15V 

±11 



±11 



V 

Power Supply Rejection Ratio 

R s 10 k£2, AV S = ±10V 

70 

80 


50 

70 


dB 

Voltage Gain 

V s = ±15V, V o = ±10V 









R l = 1 kft, T c = 25°C 

50 

100 


25 

50 


V/mV 


V s = ±15V, V Q = ±10V 









R l = 20f2 

5 



2.5 



V/mV 

Output Voltage Swing 

V s = ±15V, R L = 20ft 

±10 

±12 


±10 

±12 


V 

Output Short Circuit Current 

V s = ±15V, T c - 25° C, R sc = 1.0ft 


600 



600 


mA 

Power Supply Current 

V S = ±15V, V OUT = 0 


7 

10 


10 

15 

mA 

Power Consumption 

V S = ±15V. V OU T = 0 


210 

300 


300 

450 

mW 

ac electrical characteristics (t g = 25°c, v s = 

= ±15V, C c = 3000 pF) 



Slew Rate 

A v = +1, R l = 100ft 

50 

70 


50 

70 


V/ms 

Power Bandwidth 

R l = 1000 


i 



1 


MHz 

Small Signal Transient Response 



30 



30 


ns 

Small Signal Overshoot 



5 

20 


10 

30 

% 

Settling Time (0.1%) 

AV, n = 10V, A v = +1 


0.8 



0.8 


Ms 

Overload Recovery Time 



1 



1 


Ms 

Harmonic Distortion 

f = 1 kHz, P 0 = 0.5W 


0.2 



0.2 


% 

Notel: Specifications apply for 

±5V < V S <L ±18V, C C = 3000 pF, and 

-55°C <1 Tr < +1 25°C 

for the 

LH0061K and 

-25°C < Tq < +85° C for the LH0061CK. Typical values are for T c = 

25 C. 







Note 2: The inputs are shunted with back-to-back diodes for overvoltage protection 

. Excessive current will flow if a differ- 

ential voltage in excess of IV is applied between the inputs without limiting resistors. 






Note 3: For supply voltages less than ±15V, the absolute maximum input voltage is equal to the supply voltage. 


Note 4: Rating applies as long as package power rating is not exceeded. 
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typical performance characteristics 


Power Derating 


25 


25 50 75 100 125 

TEMPERATURE (°C> 


Safe Operating Area 




Large Signal Frequency 
Response 



OUTPUT VOLTAGE (V) 


0.5M 1M 2M 5M 10M 20M 
FREQUENCY (Hz) 


typical applications 



Unity Gain Driver 



AC Servo Amplifier 
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LH0062/LH0062C 


KIS Operational Amplifiers 

LH0062/LH0062C high speed FET op amp 


general description 

The LH0062/LH0062C is a precision, high speed 
FET input operational amplifier with more than 
an order of magnitude improvement in slew rate 
and bandwidth over conventional FET 1C op 
amps. In addition it features very closely matched 
input characteristics, very high input impedance, 
and ultra low input currents with no compromise 
in noise, common mode rejection ratio or open 
loop gain. The device has internal unity gain fre- 
quency compensation, thus assuring stability in all 
normal applications. This considerably simplifies 
its application, since no external components are 
necessary for operation. However, unlike most 
internally compensated amplifiers, external fre- 
quency compensation may be added for optimum 
performance. For inverting applications, feed- 
forward compensation will boost the slew rate to 
over 120 V//is and almost double the bandwidth. 
(See LB-2, LB-14, and LB-17 for discussions of 
the application of feed-forward techniques). Over- 
compensation can be used with the amplifier for 
greater stability when maximum bandwidth is not 
needed. Further, a single capacitor can be added to 
reduce the 0.1% settling time to under 1 jus. In 
addition it is free of latch-up and may be simply 
offset nulled with negligible effect on offset drift 
or CMRR. 


The LH0062 is designed for applications requiring 
wide bandwidth, high slew rate and fast settling 
time while at the same time demanding the high 
input impedance and low input currents character- 
istic of FET inputs. Thus it is particularly suited 
for such applications as video amplifiers, sample/ 
hold circuits, high speed integrators, and buffers 
for A/D conversion and multiplex system. The 
LH0062 is specified for the full military tempera- 
ture range of -55° to +125°C while the LH0062C 
is specified to operate over a -25°C to +85°C 


temperature range. 

features 

■ High slew rate 70 V/jiis 

■ Wide bandwidth 15 MHz 

■ Settling time (0.1%) 1/is 

■ Low input offset voltage 2 mV 

■ . Low input offset current 1 pA 

■ Wide supply range ±5V to ±20V 


■ Internal 6 dB/octave frequency compensation 

■ Pin compatible with std 1C op amps (TO-5 pkg) 


schematic and connection diagrams* 

Metal Can Package 




*Pin Numbers Shown for TO-5 Package 



TOP VIEW 


Order Number 
LH0062H or LH0062CH 
See Package 1 1 


Dual-1 n-Line Package 



TOP VIEW 


Order Number 
LH0062D or LH0062CD 
See Package 1 
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absolute maximum ratings 








Supply Voltage 

Power Dissipation (see graph) 

Input Voltage (Note 1) 

Differential Input Voltage (Note 2) 
Short Circuit Duration 

±20V 

500 mW 
±15V 
±30V 
Continuous 

Operating Temperature 

LH0062, 

LH0062C, 

Storage Temperature Range 

Lead Temperature (Soldering, 10 sec) 

- 

-55°C to +125°C 
-25°C to +85°C 

65°C to +150°C 

300° C 

dc electrical characteristics (Note 3) 









LIMITS 


PARAMETER 

CONDITIONS 

LH0062 

LH0062C 

UNITS 



MIN 

TYP 

MAX 

MIN 

TYP 

MAX 


Input Offset Voltage 

R s ^ 100 kft;T A = 25°C 


2 

5 


10 

15 

mV 


R s £ 100 ktt 



7 



20 

mV 

Temperature Coefficient of 

R s £ 100 kfl 


5 

25 


10 

35 

mv/°c 

Input Offset Voltage 









Offset Voltage Drift with Time 



4 



5 


MV/ week 

Input Offset Current 

T a = 25°C 


0.2 

2 


1 

5 

pA 





2 



0.2 

nA 

Temperature Coefficient of 


Doubles every 10°C 

Doubles every 10°C 


Input Offset Current 









Offset Current Drift with Time 



0.1 



0.1 


pA/week 

Input Bias Current 

T A = 25°C 


5 

10 


10 

65 

pA 





10 



2 

nA 

Temperature Coefficient of 


Doubles every 10°C 

Doubles every 10°C 


Input Bias Current 









Differential Input Resistance 



10 12 



10 12 


n 

Common Mode Input Resistance 



10 12 



10 12 


n 

Input Capacitance 



4 



4 


pF 

Input Voltage Range 

V S = ±15V 

±10 

±12 


±10 

±12 


V 

Common Mode Rejection Ratio 

R s ^ lOkft, V, N = ±10V 

80 

90 


70 

90 


dB 

Supply Voltage Rejection Ratio 

R s ^ 10kn,±5V^V s £±15V 

80 

90 


70 

90 


dB 

Large Signal Voltage Gain 

R L = 2kS2. V O ut = ± 10V, 

T A = 25°C, V S = ±15V 

50 

200 


25 

160 


V/mV 


R L = 2 k£2, V OUT = ±10V, 

V S = ±15V 

25 



25 



V/mV 

Output Voltage Swing 

R u = 2kfi, T A = 25°C, 

V s = ±15V 

±12 

±13 


±12 

±13 


V 


R L = 2 kJ2, V S = ±15V 

±10 



±10 



V 

Output Current Swing 

V O uT = ±10V, T A = 25° C 

±10 

±15 


±10 

±15 


mA 

Output Resistance 



75 



75 


n 

Output Short Circuit Current 

T a = 25°C 


25 



25 


mA 

Supply Current 

V S = ±15V 


5 

8 


7 

12 

mA 

Power Consumption 

V S = ±15V 



240 



360 

mW 

ac electrical characteristics (t a 


25°C, \ 

f s = ±15V) 







LIMITS 


PARAMETER 

CONDITIONS 

LH0062 

LH0062C 

UNITS 



MIN 

TYP 

MAX 

MIN 

TYP 

MAX 


Slew Rate 

Voltage Follower 

50 

70 


50 

70 


V/ms 

Large Signal Bandwidth 

Voltage Follower 


2 



2 


MHz 

Small Signal Bandwidth 



15 



15 


MHz 

Rise Time 



25 



25 


ns 

Overshoot 



10 



15 


% 

Settling Time (0.1%) 

AV, n = 10V 


1 



1 


Ms 

Overload Recovery 



09 



0.9 


MS 

Input Noise Voltage 

R s = 10 kft, f 0 = 10 Hz 


150 



150 


nV/\/Hz 

Input Noise Voltage 

R s = 10kft,f o = 100 Hz 


55 



55 


nV/>/Hz 

Input Noise Voltage 

R s = 10 kS2, f a = 1 kHz 


35 



35 


nV/>/iHz 

Input Noise Voltage 

R s = 10kJ2,f o = 10 kHz 


30 



30 


nV/\/Hz 

Input Noise Voltage 

BW = 10 Hz to 10 kHz, R s = 10 kfi 


12 



12 


juVrms 

Input Noise Current 

BW = 10 Hz to 10 kHz 


<.1 



<1 


pArms 

Note 1 : For supply voltages less than ± 1 5V, the absolute maximum input voltage is equal to the supply voltage. 






Note 2: Rating applies for minimum source resistance of 10 kI2, for source resistances less than 10 kfl, maximum differential 
input voltage is ±5V. 





Note 3: Unless otherwise specified, these specifications apply for ±5V < Vg < ±20V and -55°C < T A < +125°C for the 
LH0062 and -25°C < T A < +85°C for LH0062C. Typical values are given for Ta = 25°C. Power supplies should be bypassed 
with 0.1 pF ceramic capacitors. 
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LH0062/LH0062C 


typical performance characteristics 


Maximum Power Dissipation 


Input Offset 
Current vs Temperature 


Input Bias 

Current vs Temperature 
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Large Signal Frequency 
Response 
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Large Signal Frequency 
Response 
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Ta = 25°C 
V S =±15V 


FEEDFORWARD 
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Inverter Settling Time 
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SUPPLY CURRENT (mA) VOLTAGE GAIN (dB) INPUT BIAS CURRENT (pA) 


typical performance characteristics (con't) 


Input Bias Current 
vs Input Voltage 
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Total Input Noise Voltage* 
vs Source Resistance 
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Supply Current 



Current Limiting 



10 15 20 0 5 10 15 20 25 


SUPPLY VOLTAGE (±V) 


OUTPUT CURRENT (mA) 


Closed Loop Output 
Impedance 




V s 

t a 

±15V 

25°C 








/ 







A v =1 


— 





10 100 Ik 10k 100k 1M 

FREQUENCY (Hi) 


auxiliary circuits 

Feedforward Compensation for Greater 
Inverting Slew Rate'*' 


tSIew rate typically 
1 50 V//js. 



*Noi$e Voltage Includes Contribution from Source Resistance 


Offset Balancing Compensation for Minimum Settling* Time 

2- 10pF 




'•'Slew and settling time 
to 0.1% for a 10V step 
change is 800 ns. 
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LH0062/LH0062C 


auxiliary circuits (con't) 


Isolating Large Capacitive Loads 



Overcompensation 



typical applications* 


Boosting Output Drive to ±100 mA 



Fast Voltage Follower 


Fast Summing Amplifier 


Differential Amplifier 



Video DC Restoring Amplifier 


High Speed Positive Peak Detector 


R2 

10K 




*Pin numbers shown for TO-5 package 
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typical applications* (con't) 


Precision Integrator 



*Pin numbers shown for TO-5 package 


2 


Precision Wide Range Current to Period Converter 



io - 11 10- 9 10- 7 ir 5 io -3 

INPUT CURRENT (AMPS) 
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LH101 


IMS Operational Amplifiers 


LH101 operational amplifier 
general description 

The LH101 is a general-purpose operational ampli- 
fier which is internally compensated for unity-gain 
feedback. The device combines a LM101 operation- 
al amplifier and the 30 pF compensation capacitor 
in a single package. As such, it is a direct, plug-in 
replacement for both the LM101 and the LM709 
in the majority of applications. Features of the am- 
plifier include: 

• Operation guaranteed for supply voltages from 
±5V to ±20V 

• Low current drain — even with the output satu- 
rated 


• No latch-up when common-mode range is ex- 
ceeded 

• Continuous short-circuit protection 

• Input transistors protected from excessive input 
voltage. 

The LH101 is available in either an 8-lead, low- 
profile TO-5 header or a 1/4” x 1/4” metal flat 
package. 


schematic** and connection diagrams 



typical applications ** 

FET Operational Amplifier 



Temperature Probe 

R6 




Flat Pack 


See Package 1 1 



Note: Pin 5 connected to bottom of package. 

Order Number LH101F 
See Package 3 
Low Drift Thermocouple Amplifier? 

R6 
1 0K 



Integrator with Bias Current Compensation 
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absolute maximum ratings 





Supply Voltage 


±22V 




Power Dissipation (Note 1) 

500 mW 




Differential Input Voltage 


±30V 




Input Voltage (Note 2) 

±1 5V 




Output Short-Circuit Duration (Note 3) Indefinite 




Operating Temperature Range 

-55°C to +125°C 




Storage Temperature Range 

-65°C to +1 50°C 




Lead Temperature (Soldering, 60 sec) 300°C 




electrical characteristics (note 4) 





PARAMETER 

CONDITIONS 

MIN 

TYP 

MAX 

UNITS 

Input Offset Voltage 

T A = 25°C, R s < lOkft 


1.0 

5.0 

mV 

Input Offset Current 

T A = 25°C 


40 

200 

nA 

Input Bias Current 

T A = 25°C 


120 

500 

nA 

Input Resistance 

T A = 25°C 

300 

800 


kft 

Supply Current 

T A = 25°C, V s = ±20 V 


1.8 

3.0 

mA 

Large Signal Voltage Gain 

T A = 25°C, V s = ±1 5V 
V OUT = ±10V, R L >2kft 

50 

160 


V/mV 

Input Offset Voltage 

R s < 10k ft 



6.0 

mV 

Average Temperature 

R s < 50ft 


3.0 


juV/°C 

Coefficient of Input Offset 
Voltage 

R s < lOkft 


6.0 


MV/°C 

Input Offset Current 

T A = +125°C 


10 

200 

nA 


T A = -55°C 


100 

500 

nA 

Input Bias Current 

T A = -55°C 


0.28 

1.5 

juA 

Supply Current 

T A = +125°C, V s = ±20V 


1.2 

2.5 

mA 

Large Signal Voltage Gain 

V S =±15V, V OU t =± 10V 
R l > 2kft 

25 



V/mV 

Output Voltage Swing 

V S =±15V, R l = lOkft 

±12 

±14 


V 


R l = 2kft 

±10 

±13 


V 

Input Voltage Range 

V S =±15V 

±12 



V 

Common Mode Rejection Ratio 

R s < lOkft 

70 

90 


dB 

Supply Voltage Rejection Ratio 

R. s < lOkft 

70 

90 


dB 

Note 1: For operating at elevated temperatures, the device must be derated based on a 
150 C maximum junction temperature and a thermal resistance of 150°C/W junction to 





ambient or 45 C/W junction to case for the metal-can package. For the flat package, the 




derating is based on a thermal resistance of 185 C/W when mounted on a 1/1 6-inch-thick, 
epoxy-glass board with ten, 0.03-inch-wide, 2-ounce copper conductors (see curve). 

Note 2: For supply voltages less than + 15V, the absolute maximum input voltage is equal 





to the supply voltage. 






Note 3: Continuous short circuit is allowed for case temperatures to +125°C and ambient 





temperatures to +70 C. 






Note 4: These specifications apply for -55°C < T A < 125°C, ±5V, < V s < ±20V and 





Cl = 30 pF unless otherwise specified. 
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LH101 



VOLTAGE GAIN (OB) OUTPUT SWING (±V) . SUPPLY CURRENT (mA) INPUT VOLTAGE RANGE (±V) 


guaranteed performance characteristics 


Input Voltage Range 
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Output Swing 




- 55°C < T» < + 125>C 
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SUPPLY VOLTAGE (±V) 



10 15 

SUPPLY VOLTAGE (rt V) 


typical performance characteristics 


Supply Current 


Input Bias Current 



Current Limiting 


Input Current 


Maximum Power Dissipation 


— 




V S=* 
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V 
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T 

=25°C 














5 10 15 2 

OUTPUT CURRENT (± 

25 3( 

mA) 



-75 - 50 - 25 0 25 50 75 100 125 

TEMPERATURE (°Q 



AMBIENT TEMPERATURE (°C) 


Open Loop 
Frequency Response 


Large Signal 
Frequency Response 


Voltage Follower 
Pulse Response 


■N 










T 






\ 

V 

= -15 

V 













\ 








\ 








\ 


IK 10K 100K 1M 10M - 

FREQUENCY (Hi) 



5K 10K 

FREQUENCY (Hi) 



0 10 20 30 40 50 60 70 80 

TIME («S) 






IMS Operational Amplifiers 


LH201 operational amplifier 
general description 

The LH201 is a general-purpose operational ampli- 
fier which is internally compensated for unity-gain 
feedback. The device combines a LM201 opera- 
tional amplifier and the 30 pF compensation ca- 
pacitor in a single package. As such, it is a direct, 
plug-in replacement for both the LM201 and the 
LM709C in the majority of applications. It is iden- 
tical to the LH101 except that operation is speci- 
fied over a 0 to 70°C temperature range. Features 
of the amplifier include: 

• Operation guaranteed for supply voltages from 
±5V to ±20V 


• Low current drain — even with the output satu- 
rated 

• No latch-up when common-mode range is ex- 
ceeded 

• Continuous short-circuit protection 

• Input transistors protected from excessive input 
voltage. 

The LH201 is available in either an 8-lead, low- 
profile TO-5 header or a 1/4” x 1/4” metal flat 
package. 


schematic** and connection diagrams 



FET Operational Amplifier 



Temperature Probe 




NO CONNECTION 


Note: Pin 4 connected to case. 

Order Number LH201H 
See Package 1 1 


NO CONNECTION £ 
NO CONNECTION! 

INPUT £ 
INPUT £ 


C — ^^=00 


3 NO CONNECTION 


1 NO CONNECTION 


2 NO CONNECTION 


Note: Pin 5 connected to bottom of package. 

Order Number LH201F 
See Package 3 

Low Drift Thermocouple Amplifier $ 



Integrator with Bias Current Compensation 
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LH201 






LH201 


absolute maximum ratings 





Supply Voltage ±22V 

Power Dissipation (Note 1) 250 mW 

Differential Input Voltage ±30V 

Input Voltage (Note 2) ±15V 

Output Short-Circuit Duration (Note 3) Indefinite 

Operating Temperature Range 0°Cto+70°C 

Storage Temperature Range -65°C to +1 50°C 

Lead Temperature (Soldering, 60 sec) 300°C 




electrical characteristics (note 4) 





PARAMETER 

CONDITIONS 

MIN 

TYP 

MAX 

UNITS 

Input Offset Voltage 

T a = 25°C, R s < lOkft 


2.0 

7.5 

mV 

Input Offset Current 

T A = 25°C 


100 

500 

nA 

Input Bias Current 

T a =25°C 


0.25 

1.5 

ma 

Input Resistance 

T a =25°C 

150 

400 


k£2 

Supply Current 

T a = 25° C, V s = ±20V 


1.8 

3.0 

mA 

Large Signal Voltage Gain 

T A = 25°C, V s = ±15V 
V OUT = ±10V, R L >2k£2 

20 

150 


V/mV 

Input Offset Voltage 

R s < lOkft 



10 

mV 

Average Temperature 

Coefficient of Input Offset 
Voltage 

R s < 50Q 

R s < 10kl2 


6 

10 


MV/°C 

mv/°c 

Input Offset Current 

T a = +70°C 

t a = o°c 


50 

150 

400 

750 

nA 

nA 

Input Bias Current 

t a = o°c 


0.32 

2.0 

/iA 

Large Signal Voltage Gain 

V S =±15V, V OU T = ±10V 
R L >2k£2 

15 



V/mV 

Output Voltage Swing 

V s = ±15V, R l = lOkft 

R l = 2k£2 

±12 

±10 

±14 

±13 


V 

V 

Input Voltage Range 

V s = ±15V 

±12 



V 

Common Mode Rejection Ratio 

R s < 10kl2 

65 

90 


dB 

Supply Voltage Rejection Ratio 

R s < iokrz 

70 

90 


dB 

Note 1: For operating at elevated temperatures, the device must be derated based on a 

150°C maximum junction temperature and a thermal resistance of 150°C/W junction to 
ambient or 45°C/W junction to case for the metal-can package. For the flat package, the 
derating is based on a thermal resistance of 185°C/W when mounted on a 1/1 6-inch-thick, 
epoxy-glass board with ten, 0.03-inch-wide, 2-ounce copper conductors (see curve). 

Note 2: For supply voltages less than ±15V, the absolute maximum input voltage is equal 
to the supply voltage. 

Note 3: Continuous short circuit is allowed for case temperatures to +125°C and ambient 
temperatures to +70°C. 

Note 4: These specifications apply for -55°C < T A < 125°C, ±5V, < V s < ±20V and 

Cl = 30 pF unless otherwise specified. 
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guaranteed performance characteristics 


Input Voltage Range 


Output Swing 
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typical performance characteristics 
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LH201 



LH740A/LH740AC 



Operational Amplifiers 


LH740A/LH740AC FET input operational amplifier 


general description 

The LH740A/LH740AC is a FET input, general 
purpose operational amplifier with high input 
impedance, closely matched input characteristics, 
and good slew rates. Input offset voltage is typi- 
cally 10.0 mV at 25° C, while input bias current is 
less than 100 pA at 25°C. Offset current is typi- 
cally less than 40 pA at 25°C. Other important 
design features include: 

■ Internal 6 dB/octave frequency compensation 

■ Unity gain slew rate in excess of 6 V/jus 

■ Unity gain bandwidth of 1 MHz 

■ Input offset is adjustable with a single 10k pot 

■ Pin compatible with LM741, LM709, LM101A, 
and juA740 

■ Excellent offset current match over tempera- 
ture/typically 100 pA 


■ Output is continuously short-circuit proof 

■ Excellent open loop gain, typically in excess of 
100 dB 

■ Guaranteed over the full military temperature 
range 

The LH740A/LH740AC is intended to fulfill a 
wide variety of applications requiring extremely 
low bias currents such as integrators, sample and 
hold amplifiers, and general purpose operational 
amplifier applications. 

The LH740A is specified for operation over the 
-55°C to +125°C military temperature range. The 
LH740AC is specified for operation over the 0°C 
to +85°C temperature range. 


connection diagram 



TOP VIEW 

Order Number LH740AH or LH740ACH 
See Package 1 1 

typical applications 

Integrator Transient Response 
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absolute maximum ratings 


Supply Voltage 
Maximum Power Dissipation 
Differential Input Voltage 
Input Voltage 
Short Circuit Duration 
Operating Temperature Range LH740A 
LH740AC 

Storage Temperature Range 

Lead Temperature (soldering, 10 sec.) 


±22 V 
500 mW 
±5V 
±15V 
Continuous 
-55°C to +125°C 
0°C to +85° C 
-65° C to +150°C 
300° C 


electrical characteristics (Note 1 (V S = ±15V, T a = 25°C unless otherwise noted) 


PARAMETER 

CONDITIONS 

i LH740A | 

| LH740AC ! 

UNITS 

MIN 

TYP 

■ 'TIM 

MIN 


MAX 

Input Offset Voltage 

R s < 100 kP 


10 

15 


10 

20 

mV 

Input Offset Current 



40 

100 


60 

150 

pA 

Input Current (either input) 



100 

200 


100 

500 

PA 

Input Resistance 



1,000,000 



1,000,000 


MP 

Large Signal Voltage Gain 

R l >2kP, V OUT = ±10V 

50,000 

100,000 


50,000 

100,000 


V/V 

Output Resistance 



75 



75 


P 

Output Short-Circuit Current 



20 



20 


mA 

Common Mode Rejection Ratio 


80 



80 



dB 

Supply Voltage Rejection Ratio 


80 



80 



dB 

Supply Current 



3.0 

4.0 


3.0 

4.0 

mA 

Slew Rate 



6.0 



6.0 


V/fts 

Unity Gain Bandwidth 



1.0 



1.0 


MHz 

Transient Response (Unity Gam) 

C u < 100 pF, R L = 2 kP. V IN = 100 mV 








Risetime 



110 



300 


ns 

Overshoot 

1 


10 

20 


10 


% 


(These specifications apply for -55°C < T A < 125°C for the LH740A and 0°C < T A < 85°C for the LH740AC unless otherwise noted.) 


Input Voltage Range 


±12 



±12 



V 

Common Mode Rejection Ratio 


80 



80 



dB 

Supply Voltage Rejection Ratio 


80 



80 



dB 

Large Signal Voltage Gain 


40,000 



40,000 



V/V 

Output Voltage Swing 

R l > 10 kP 

±12 

±14 


±12 

±14 


V 


R l > 2 kP 

±10 

±13 


±10 

±13 


V 

Input Offset Voltage 



15 

20 


30 


mV 

Input Offset Current 



100 

500 


60 

500 

pA 

Input Current (either input) 



2.5 

4.0 


1.1 

5.0 

nA 

Offset Voltage Drift 

R s < 100K 


5.0 



5.0 


pV/°C 


Notel: For supply voltages less than ±10V, the absolute maximum input voltage is equal to the 
supply voltage. 


typical performance characteristics 


Maximum Power 
Dissipation 



0 50 100 150 200 

TEMPERATURE (°C) 


Open Loop Frequency 
Response 



1 100 10k 1M 100M 

FREQUENCY (Hz) 
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LH740A/LH740AC 







LH2101A/LH2201A/LH2301A 


Operational Amplifiers 

LH2101A/LH2201A/LH2301A dual high performance op amp 
general description 

The LH2101 A series of dual operational amplifiers 
are two LM101A type op amps in a single hermetic 
package. Featuring all the same performance char- 
acteristics of the single, these duals offer in addition 
closer thermal tracking, lower weight, reduced 
insertion cost, and smaller size than two singles. 

For additional information, see the LM101A data 
sheet and National's Linear Application Handbook. 

The LH2101A is specified for operation over the 
-55°C to +125°C military temperature range. The 
LH2201A is specified for operation over the 


-25°C to +85°C temperature range. The LH2301A 
is specified for operation over the 0°C to +70°C 
temperature range. 

features 

■ Low offset voltage 

■ Low offset current 

■ Guaranteed drift characteristics 

■ Offsets guaranteed over entire common mode 
and supply voltage ranges 

■ Slew rate of IOV/jus as a summing amplifier 



connection diagram 



Order Number LH2101AD or 
LH2201AD or LH2301AD 
See Package 2 


Order Number LH2101AF or 
LH2201AF or LH2301AF 
See Package 5 


auxiliary circuits 

Inverting Amplifier with Balancing Circuit 

R1 R2 



t May be zero or equal to parallel combination 
of R1 and R2 for minimum offset. 



Single Pole Compensation 



Two Pole Compensation Feedforward Compensation 
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absolute maximum ratings 


Supply Voltage 
Power Dissipation (Note 1) 
Differential Input Voltage 
Input Voltage (Note 2) 

Output Short-Circuit Duration 


±22 V 
500 mW 
±30V 
±15V 
Continuous 


Operating Temperature Range LH2101A 
LH2201A 
LH2301A 

Storage Temperature Range 

Lead Temperature (Soldering, 10 sec) 


-55°C to 125 C 
-25°C to 85°C 
0°C to 70°C 
-65°C to 150°C 
300°C 


electrical characteristics each side (Note 3) 


PARAMETER 

CONDITIONS 

LIMITS 


LH2101A 

LH2201A 

LH2301A 


Input Offset Voltage 

T a = 25°C, R s ^ 50 kn 

2.0 

2.0 

7.5 

mV Max 

Input Offset Current 

T a = 25°C 

10 

10 

50 

nA Max 

Input Bias Current 

T a = 25°C 

75 

75 

250 

nA Max 

Input Resistance 

T a = 25°C 

1.5 

1.5 

0.5 

Mn Min 

Supply Current 

T a = 25°C, V s = ±20V 

3.0 

3.3 

3.0 

mA Max 

Large Signal Voltage Gain 

T a = 25°C, V s = ±15V 

V O ut = ±10V, R u ^2kfi 

50 

50 

25 

V/ mV Min 

Input Offset Voltage 

R s ^ 50 kft 

3.0 

3.0 

10 

mV Max 

Average T emperature 

Coefficient of Input 

Offset Voltage 


15 

15 

30 

AtV/°C Max 

Input Offset Current 


20 

20 

70 

nA Max 

Average T emperature 

Coefficient of Input 

Offset Current 

25°C^T a £ 125°C 
-55°C^T A ^25°C 

0.1 

0.2 

0.1 

0.2 

0.3 

0.6 

nA/°C Max 
nA/°C Max 

Input Bias Current 


100 

100 

300 

nA Max 

Supply Current 

T A = +125°C, V s = ±20 V 

2.5 

2.5 


mA Max 

Large Signal Voltage Gain 

V S = ±15V, V OUT = ±10V 
R L ^2kn 

25 

25 

15 

V/mV Min 

Output Voltage Swing 

V S = ±15V, R u = 10kfi 

R L = 2 kfl 

±12 

±10 

±12 

±10 

±12 

±10 

V Min 

V Min 

Input Voltage Range 

V s = ±20V 

±15 

±15 

±12 

V Mm 

Common Mode 

Rejection Ratio 

R s £ 50 kn 

80 

80 

70 

dB Min 

Supply Voltage 

Rejection Ratio 

R s ^ 50 kn 

80 

80 

70 

dB Min 


Note 1: The maximum junction temperature of the LH2101A is 150°C ( while that of the LH2201A is 100°C. For operating 
temperatures, devices in the flat package, the derating is based on a thermal resistance of 185°C/W when mounted on a 
1/1 6-inch-thick epoxy glass board with 0.03-inch-wide, 2-ounce copper conductors. The thermal resistance of the dual-in-line 
package is 100°C/W, junction to ambient. 

Note 2: For supply voltages less than ±1 5V, the absolute maximum input voltage is equal to the supply voltage. 

Note 3: These specifications apply for ±5V < V§ < ±20V and -55°C < T/\ < 125°C, unless otherwise specified. With the 
LH2201A, however, all temperature specifications are limited to -25°C < T/\ < 85°C. For the LH2301A these specifications 
apply for 0°C < T/\ < 70°C, ±5V and < Vg < ±15V. Supply current and input voltage range are specified as Vg = ±15V for 
the LH2301A. C-| = 30 pF unless otherwise specified. 
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LH2108/LH2108A Series 


IMS Operational Amplifiers 


LH2108/LH2208/LH2308, LH2108A/LH2208A/LH2308A 
dual super beta op amp 
general description 


The LH2108A/LH2208A/LH2308A and LH2108/ 
LH2208/LH2308 series of dual operational amp- 
lifiers are two LM108A or LM108 type op amps 
in a single hermetic package. Featuring all the 
same performance characteristics of the single 
device, these duals also offer closer thermal track- 
ing, lower weight, reduced insertion cost, and 
smaller size than two single devices. For additional 
information see the LM108A or LM108 data sheet 
and National's Linear Application Handbook. 

The LH2108A/LH2108 is specified for operation 
over the -55°C to +125°C military temperature 
range. The LH2208A/LH2208 is specified for 
operation over the -25°C to +85°C temperature 


range. The LH2308A/LH2308 is specified for 
operation over the 0°C to +70°C temperature 
range. 

features 

■ Low offset current 50 pA 

■ Low offset voltage 0.7 mV 

■ Low offset voltage LH2108A 0.3 mV 

LH2108 0.7 mV 

■ Wide input voltage range ±15V 

■ Wide operating supply range ±3V to ±20V 


connection diagram 



Order Number LH2108AD, LH2208AD, 
LH2308AD, or LH2108D, LH2208D, 
or LH2308D 
See Package 2 


Order Number LH2108F, LH2208F, 
or LH2308F 
See Package 5 


auxiliary circuits 

Standard Compensation Circuit 

R1 R2 



Alternate* Frequency Compensation 

R1 R2 



Feedforward Compensation 
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absolute maximum 

ratings 





Supply Voltage 

Power Dissipation (Note 1) 

Differential Input Current (Note 2) 
Input Voltage (Note 3) 

Output Short Circuit Duration 

±20V 

500 mW 
±10 mA 
±15V 
Continuous 

Operating Temperature Range 
LH2108A/LH2108 
LH2208A/LH2208 
LH2308A/LH2308 

Storage Temperature Range 

Lead Temperature (Soldering, 10 sec) 

-55°C to +125°C 
-25°C to +85°C 

0°C to +70°C 
-65° C to +150°C 

300° C 

electrical characteristics each side (Note 4) 




PARAMETER 

CONDITIONS 

i LIMITS 


LH2108 

LH2208 

LH2308 


Input Offset Voltage 

T a = 25°C 

2.0 

2.0 

7.5 

mV Max 

Input Offset Current 

T a = 25°C 

0.2 

0.2 

1.0 

nA Max 

Input Bias Current 

T a = 25°C 

2.0 

2.0 

7.0 

nA Max 

Input Resistance 

T a = 25°C 

30 

30 

10 

Mf2 M in 

Supply Current 

T a = 25° C 

0.6 

0.6 

0.8 

mA Max 

Large Signal Voltage Gain 

T A = 25°C V s = ±15V 

v 0 ut = ±iov, r l > io kn 

50 

50 

25 

V/mV Min 

Input Offset Voltage 


3.0 

3.0 

10 

mV Max 

Average Temperature Coefficient 
of Input Offset Voltage 


15 

15 

30 

pV/°C Max 

Input Offset Current 


0.4 

0.4 

1.5 

nA Max 

Average Temperature Coefficient 
of Input Offset Current 


2.5 

2.5 

10 

pA/°C Max 

Input Bias Current 


3.0 

3.0 

10 

nA Max 

Supply Current 

T a = +125°c 

04 

0.4 

- 

mA Max 

Large Signal Voltage Gain 

V s = ±15V. V OUT = ±10V 

R l > 10 kft 

25 

25 

15 

V/mV Min 

Output Voltage Swing 

V s = ±15V, R u = lOkft 

±13 

±13 

±13 

V Min 

Input Voltage Range 

V s = ±15V 

±13.5 

±13.5 

±14 

V Min 

Common Mode Rejection Ratio 


85 

85 

80 

dB Min 

Supply Voltage Rejection Ratio 


80 

80 

80 

dB Min 

electrical characteristics each side (Note 4) 

PARAMETER 

CONDITIONS 

LIMITS 

UNITS 

LH2108A 

LH2208A 

LH2308A 

Input Offset Voltage 

T A = 25° C 

0.5 

0 5 

0.5 

mV Max 

Input Offset Current 

T a = 25 C 

0 2 

0.2 

1.0 

nA Max 

Input Bias Current 

T a = 25°C 

2.0 

20 

7.0 

nA Max 

Input Resistance 

T a = 25°C 

30 

30 

10 

Mfi Mm 

Supply Current 

T a = 25° C 

0.6 

0.6 

0.8 

mA Max 

Large Signal Voltage Gain 

T A = 25"C V s = t15V 

V OUT = ±10V, R u > 10 kSJ 

80 

80 

80 

V/mV Min 

Input Offset Voltage 


1.0 

1.0 

0.73 

mV Max 

Average Temperature Coefficient 
of Input Offset Voltage 


5 

5 

5 

pV/°C Max 

Input Offset Current 


0.4 

0.4 

1.5 

nA Max 

Average Temperature Coefficient 
of Input Offset Current 


2.5 

2.5 

10 

pA/°C Max 

Input Bias Current 


3.0 

3.0 

10 

nA Max 

Supply Current 

T A = + 1 25°C 

04 

0.4 

- 

mA Max 

Large Signal Voltage Gain 

V s = ±15V, V OUT = ±10V 

R l > 10 kft 

40 

40 

60 

V/mV Min 

Output Voltage Swing 

V s = ±15V, R L = 10 kI2 

±13 

±13 

±13 

V Min 

Input Voltage Range 

V s = ±15V 

±13.5 

±13.5 

±14 

V Min 

Common Mode Rejection Ratio 


96 

96 

96 

dB Mm 

Supply Voltage Rejection Ratio 


96 

96 

96 

dB Min 

Note 1: The maximum junction temperature of the LH2108A/LH2108 is 150°C, while that of the LH2208A/LH2208 is 

100°C and the LH2308A/LH2308 is 85°C. For operating at elevated temperatures, devices in the flat package, the derating is 
based on a thermal resistance of 185°C/W when mounted on a 1 /16-inch-thick epoxy glass board with 0.03-inch-wide, 2-ounce 
cooper conductors. The thermal resistance of the dual-in-line package is 100°C/W, junction to ambient. 

Note 2: The inputs are shunted with back-to-back diodes for overvoltage protection. Therefore, excessive current will flow if 
a differential input voltage in excess of IV is applied between the inputs unless some limiting resistance is used. 

Note 3: For supply voltages less than ±15V, the absolute maximum input voltage is equal to the supply voltage. 

Note 4: These specifications apply for ±5V < Vg < ±20V and -55°C < T A < 125°C, unless otherwise specified. With 
the LH2208A/LH2208, however, all temperature specifications are limited to -25°C < T A < 85°C and with the LH2308A/ 

LH2308 for ±5V < V S < 15V and 0°C < T A < 70°C. 


LH2108/LH2108 A Series 



LH2110/LH2210/LH23 


Operational Amplifiers 


LH2110/LH2210/LH2310 dual voltage follower 
general description 


The LH2110 series of dual voltage followers are 
two LM110 type followers in a single hermetic 
package. Featuring all the same performance char- 
acteristics of the single, these duals offer in addi- 
tion closer thermal tracking, lower weight, reduced 
insertion cost and smaller size than two singles. 
For additional information, see the LM110 data 
sheet and National's Linear Application Notebook. 


The LH2110 is specified for operation over the 
-55°C to +125°C military temperature range. The 
LH2210 is specified for operation over the -25°C 
to +85°C temperature range. The LH2310 is speci- 


fied for operation over the 0°C to +70°C temper- 
ature range. 

features 


Low input current 

High input resistance 

High slew rate 

Wide bandwidth 

Wide operating supply range 

Output short circuit proof 


10 10 ohms 


±5V to ±18V 


connection diagram 


auxiliary circuits 



11 > BALANCE 


Order Number LH2110D or 
LH2210D or LH2310D 
See Package 2 

Order Number LH2110F or 
LH2210F or LH2310F 
See Package 5 


I *May be added to reduce 

y- internal dissipation. 

Increasing Negative Swing Under Load 



Offset Balancing Circuit 
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absolute maximum ratings 

Supply Voltage ±18V 

Power Dissipation (Note 1) 500 mW 

Input Voltage (Note 2) ±15V 

Output Short Circuit Duration (Note 3) Continuous 

electrical characteristics Each side (Note 4) 


Operating Temperature Range LH2110 -55°Cto125C 

LH2210 -25 c C to 85°C 

LH2310 0°C to 70°C 

Storage Temperature Range -65°C to 150°C 

Lead Temperature (Soldering, 10 sec) 300°C 


PARAMETER 

CONDITIONS 

LIMITS 


LH2110 

LH2210 

LH2310 


Input Offset Voltage 

T a =25°C 

4.0 

4.0 

7.5 

mV Max 

Input Bias Current 

T a =25°C 

3.0 

3.0 

7.0 

nA Max 

Input Resistance 

T a = 25°C 

10 10 

10 10 

10 10 

SI Min 

Input Capacitance 


1.5 

1.5 

1.5 

pF Typ 

Large Signal Voltage Gain 

T a = 25°C, V s = ± 1 5V 

Vqut = —10V, R L = 8kl2 

.999 

.999 

.999 

V/V Min 

Output Resistance 

T a = 25°C 

2.5 

2.5 

2.5 

12 Max 

Supply Current (Each Amplifier) 

T a =25°C 

5.5 

5.5 

5.5 

mA Max 

Input Offset Voltage 


6.0 

6.0 

10 

mV Max 

Offset Voltage 

-55°C £ T a ^ 85° C 

6 

6 

10 

MV/° CTyp 

Temperature Drift 

T a = 125°C 

12 

12 

- 

AtV/° C Typ 

Input Bias Current 


10 

10 

10 

nA Max 

Large Signal Voltage Gain 

V s = ±15V, Vqut = -10V 

R L = 10 k!2 

.999 

.999 

.999 

V/V Min 

Output Voltage Swing (Note 5) 

V s = ±15V, R l = 10 k!2 

±10 

±10 

±10 

V Min 

Supply Current (Each Amplifier) 

T a = 125°C 

4.0 

4.0 

- 

mA Max 

Supply Voltage Rejection Ratio 

±5V^ V S ^±18V 

70 

70 

70 

dB Min 


Note 1: The maximum junction temperature of the LH21 10 is 150°C, while that of the LH2210 is 100°C and the LH2310 is 
85°C. For operating at elevated temperatures, devices in the flat package, the derating is based on a thermal resistance of 
185°C/W when mounted on a 1 /16-inch-thick epoxy glass board with 0.03-inch-wide, 2-ounce copper conductors. The 
thermal resistance of the dual-in-line package is 100°C/W, junction to ambient. 

Note 2: For supply voltages less than ±15V, the absolute maximum input voltage is equal to the supply voltage. 

Note 3: Continuous short circuit is allowed for case temperatures to 1 25°C and ambient temperatures to 70°C. It is necessary 
to insert a resistor greater than 2 kfi in series with the input when the amplifier is driven from low impedance sources to pre- 
vent damage when the output is shorted. 

Note 4: These specifications apply for ±5V < V§ < ±18V and -55°C < T/\ < 125°C, unless otherwise specified. With the 
LM210, however, all temperature specifications are limited to -25°C < T^ < 85°C and for the LH2310, all temperature 
specifications are limited to 0°C < T/\ < 70°C. 

Note 5: Increased output swing under load can be obtained by connecting an external resistor between the booster and V" 
terminals. 
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LH2110/LH2210/LH2310 




LH24250/LH24250C 


IMS Operational Amplifiers 


LH24250/LH24250C dual programmable micropower op amp 


general description 

The LH24250/LH24250C series of dual program- 
mable micropower operational amplifiers are two 
LM4250 type op amps in a single hermetic pack- 
age. Featuring all the same performance character- 
istics of the LM4250, the LH24250/LH24250C 
duals also offer closer thermal tracking, lower 
weight, reduced insertion cost and smaller size 
than two single devices. For additional informa- 
tion, see the LM4250 data sheet and National's 
Linear Application Handbook. 


features 

■ ±1V to ±18V power supply operation 

■ Standby power consumption as low as 20 /iW 

■ Offset current programmable from less than 
0.5 nA to 30 nA 

■ Programmable slew rate 

■ May be shut-down using standard open collector 
TTL 

■ Internally compensated and short circuit proof 


connection diagram and auxiliary circuit 



V + 

| BALANCE 


OUTPUT 


V 


| BALANCE 


OUTPUT 


V* 


Order Number LH24250F or LH24250CF 
See Package 5 

Order Number LH24250D or LH24250CD 
See Package 2 

typical quiescent current setting resistor 


Offset Null Circuit 


v + 




(Pii\ 8 to V-) 


V s 

10mA 

30 mA 

100/i A 

300 mA 

±1.5 

1.5 MSI 

470 kSI 

150 kSI 


±3 

3.3 MSI 

1.1 msi 

330 kSi 

100 kSI 

±6 

7.5 MSI 

2.7 MSI 

750 kSI 

220 kSI 

±9 

13 MSI 

4MS2 

1.3 MSI 

350 kSi 

±12 

18 MSI 

5.6 MSI 

1.5 MSI 

510 kS! 

±15 

22 MSI 

7.5 MSI 

2.2 MSI 

620 kSI 


0 2 4 6 8 10 12 14 16 18 

SUPPLY VOLTAGE - V s (V) 


2-110 






absolute maximum ratings 


Supply Voltage 
Power Dissipation (Note 1) 
Differential Input Voltage (Note 2) 
Input Voltage (Note 3) 

Output Short Circuit Duration 


±18V 
500 mW 
±15V 
±15V 
Continuous 


Operating Temperature Range 
LH24250 
LH24250C 

Storage Temperature Range 

Lead Temperature (Soldering, 10 sec) 


-55°C to +125°C 
0°Cto +70°C 
-65°C to +150°C 
300°C 


electrical characteristics - each side (Note 4) 


Input Offset Voltage 
Input Offset Current 


Input Bias Current 


Power Consumption 
Large Signal Voltage Gain 


Input Offset Voltage 


T a = 25 C, R s <; 100 kft 


T a = 25°C, V 0 = 0, R set = 2.7 
T a = 25°C, R u ^ 10 kfi 


Large Signal Voltage Gain 
Output Voltage Swing 


R l ^ 10kJ2 
R L >10k£2, V S = ±15V 


Common Mode Rejection Ratio 
Supply Voltage Rejection Ratio 


T a = 25°C, R s ^ 10 kfi 
T a = 25°C, R s ^ 10 kft 


Note 1 : Derate linearly 2 mW/ C case temperature above 25°C. 

Note 2: This rating applies to maximum voltage differential between input terminals. The maximum input voltage on either 
input terminal is limited to ±Vs up to ±15V. 

Note 3: This rating limited to ± supply voltage to a maximum of ±15V. 

Note 4: These specifications apply for Vg = ±6V, lq = 30 juA, and -55°C < T/^ < +125°C unless otherwise specified. With 
the LH24250C, however, all temperature specifications are limited to 0°C < T/^ < 70°C. 
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LM101 



Operational Amplifiers 


LM101 operational amplifier 
general description 

The LM101 is a general-purpose operational ampli- 
fier built on a single silicon chip. The resulting close 
match and tight thermal coupling gives low offsets 
and temperature drift as well as fast recovery from 
thermal transients. In addition, the device features: 

■ Frequency compensation with a single 30 pF 
capacitor 

■ Operation from ±5V to ±20V 

■ Low current drain : 1 .8 mA at ±20V 

■ Continuous short-circuit protection 

■ Operation as a comparator with differential in- 
puts as high as ±30 V 


■ No latch-up when common mode range is ex- 
ceeded 

■ Same pin configuration as the LM709. 

The unity-gain compensation specified makes the 
circuit stable for all feedback configurations, even 
with capacitive loads. However, it is possible to 
optimize compensation for best high frequency per- 
formance at any gain. As a comparator, the output 
can be clamped at any desired level to make it 
compatible with logic circuits. Further, the low 
power dissipation permits high-voltage operation 
and simplifies packaging in full-temperature-range 
systems. 


schematic** and connection diagrams 


BALANCE COMPENSATION 



Inverting Amplifier 
with Balancing Circuit 



and Hold oi 



Metal Can 


COMPENSATION 



Note: Pm 4 connected to case. V" 

Order Number LM101H 
See Package 1 1 

Flat Package 


NO CONNECTION 
BALANCE/COMPENSATION 
INPUT 
INPUT 


NO CONNECTS 
COMPENSATION 



Note: Pin 5 connected to bottom of package. 

Order Number LM101F 
See Package 3 


Voltage Comparator for Driving 
DTL or TTL Integrated Circuits 



OUTPUT 


Voltage Comparator for Driving 
RTL Logic or High Current Driver 


OUTPUT 
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absolute maximum ratings 





Supply Voltage 

±22V 




Power Dissipation (Note 1) 

500 mW 




Differential Input Voltage 

±30V 




Input Voltage (Note 2) 

±15V 




Output Short-Circuit Duration (Note 3) Indefinite 




Operating Temperature Range 

-55°C to +1 25°C 




Storage Temperature Range 

-65°C to +1 50°C 




Lead Temperature (Soldering, 60 sec) 300°C 




electrical characteristics (note4) 





PARAMETER 

CONDITIONS 

MIN 

TYP 

MAX 

UNITS 

Input Offset Voltage 

T A = 25°C, R s < 10kft 


1.0 

5.0 

mV 

Input Offset Current 

T a = 25°C 


40 

200 

nA 

Input Bias Current 

T A = 25°C 


120 

500 

nA 

Input Resistance 

T a =25°C 

300 

800 


k£2 

Supply Current 

T a = 25°C, V s = ±20 V 


1.8 

3.0 

mA 

Large Signal Voltage Gain 

T a = 25°C, V s = ±15V 
V O ut = ± 10V, R l > 2kO 

50 

160 


V/mV 

Input Offset Voltage 

R s < 10kft 



6.0 

mV 

Average Temperature 

R s < 500 


3.0 


MV/°C 

Coefficient of Input Offset 
Voltage 

R s < lOkO 


6.0 


mv/°c 

Input Offset Current 

T A = +125°C 


10 

200 

nA 


T a = -55°C 


100 

500 

nA 

Input Bias Current 

T a = -55°C 


0.28 

1.5 

ma 

Supply Current 

T a = +125°C, V s = ±20V 


1.2 

2.5 

mA 

Large Signal Voltage Gain 

V S =±15V, V OUT = ±10V 
R l > 2kO 

25 



V/mV 

Output Voltage Swing 

V s = ±1 5V, R L = lOkO 

±12 

±14 


V 


R l = 2kO 

±10 

±13 


V 

Input Voltage Range 

Vg=±15V 

±12 



V 

Common Mode Rejection Ratio 

R s < lOkO 

70 

90 


dB 

Supply Voltage Rejection Ratio 

R s < lOkO 

70 

90 


dB 

Note 1: For operating at elevated temperatures, the device must be derated based on 

a 




150 C maximum junction temperature and a thermal resistance of 150 C/W junction to 




ambient or 45°C/W junction to case for the metal-can package. For the flat package, the 
derating is based on a thermal resistance of 185° C/W when mounted on a 1/16-inch-thick, 




epoxy-glass board with ten, 0.03-inch-wide, 2-ounce copper conductors (see curve). 





Note 2: For supply voltages less than ±15V, 

the absolute maximum input voltage is equal 




to the supply voltage. 






Note 3: Continuous short circuit is allowed for case temperatures to +125 C and ambient 




| temperatures to +70 C. 






Note 4: These specifications apply for -55°C < T A < 125°C, ±5V, < V s < ±20V and 




Cl = 30 pF unless otherwise specified. 
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guaranteed performance characteristics 


Input Voltage Range 


Output Swing 



10 15 

SUPPLY VOLTAGE ( - V) 











y 





z 




z 




rC 



z 

1 




* 1 

- 55°C < T* 

1 

< + 125°C 



_J 



5 10 15 20 

SUPPLY VOLTAGE ( ♦ V) 



10 15 

SUPPLY VOLTAGE (±V) 


typical performance characteristics 


Supply Current 



h = 25“C 


Input Bias Current 
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Operational Amplifiers 


LM201 operational amplifier 
general description 


The LM201 is a general-purpose operational ampli- 
fier built on a single silicon chip. It is identical to 
the LM101 except that operation is specified over 
aOto 70°C temperature range. The device features: 

• Frequency compensation with a single 30 pF 
capacitor 

• Operation from ±5V to ±20V 

• Low current drain: 1.8 mA at ±20V 

• Continuous short-circuit protection 

• Operation as a comparator with differential in- 
puts as high as ±30V 


• No latch-up when common mode range is ex- 
ceeded 

• LM709 lead configuration in metal cans and 
flat-packages. 

The unity-gain compensation specified makes the 
circuit stable for all feedback configurations, even 
with capacitive loads. However, it is possible to 
optimize compensation for best high frequency per- 
formance at any gain. As a comparator, the output 
can be clamped at any desired level to make it com- 
patible with logic circuits. Further, the low power 
dissipation permits high-voltage operation and sim- 
plifies packaging. 


schematic** and connection diagrams 



typical applications* 

Voltage Comparator for Driving 
DTL or TTL Integrated Circuits 




Order Number LM201H 
See Package 1 1 



Note: Pin 5 connected to bottom of package. 

Order Number LM201F 
See Package 3 

Inverting Amplifier 
with Balancing Circuit 


Low Drift Sample and Hold 


^May be zero or equal to parallel — — -AAAr 
combination of R1 and R2 for 
minimum offset. 

Voltage Comparator for Driving 
RTL Logic or High Current Driver 


rT T 


30 pF ‘Polycarbonate-dielectric capacitor. 

*Pin connections shown are for metal can. 
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M201 



LM201 


absolute maximum ratings 





Supply Voltage 


±22V 




Power Dissipation (Note 1 ) 

250 mW 




Differential Input Voltage 


±30V 




Input Voltage (Note 2) 


±1 5V 




Output Short-Circuit Duration (Note 3) Indefinite 




Operating Temperature Range 

0°C to +70°C 




Storage Temperature Range 

-65°C to +1 50° C 




Lead Temperature (Soldering, 10 sec) 300°C 




electrical characteristics (note 4 ) 





PARAMETER 

CONDITIONS 

MIN 

TYP 

MAX 

UNITS 

Input Offset Voltage 

T A = 25°C, R s < 10kS2 


2.0 

7.5 

mV 

Input Offset Current 

T a =25°C 


100 

500 

nA 

Input Bias Current 

T a = 25°C 


0.25 

1.5 

MA 

Input Resistance 

T A = 25°C 

100 

400 


ka 

Supply Current 

T A = 25°C, V S =±20V 


1.8 

3.0 

mA 

Large Signal Voltage Gain 

T A = 25°C, V s = ±15V 






Vout=±10V, R L >2kft 

20 

150 


V/mV 

Input Offset Voltage 

R s < 10k£2 



10 

mV 

Average Temperature 

R s < 50ft 


6 


MV/°C 

Coefficient of Input Offset 
Voltage 

R s < 10kH 


10 


mv/°c 

Input Offset Current 

T A = +70°C 


50 

400 

nA 


O 

o 

O 

II 

< 


150 

750 

nA 

Input Bias Current 

T a = 0°C 


0.32 

2.0 

MA 

Large Signal Voltage Gain 

V S =±15V, V O ut = ± 10V 
R L > 2k£2 

15 



V/mV 

Output Voltage Swing 

V s = ±1 5V, R L = 10k£2 

±12 

±14 


V 


R l = 2kft 

±10 

±13 


V 

Input Voltage Range 

V S =±15V 

±12 



V 

Common Mode Rejection Ratio 

R s <10k£2 

65 

90 


dB 

Supply Voltage Rejection Ratio 

R s < 10k£2 

70 

90 


dB 

Note 1: For operating at elevated temperatures, the device must be derated based on a 




100 C maximum junction temperature and a 

thermal resistance of 1 50 C/W junction to 




ambient or 45 C/W junction to case for the metal-can package. For the flat package, the 
derating is based on a thermal resistance of 185° C/W when mounted on a 1/16-inch-thick, 




epoxy-glass board with ten, 0.03-inch-wide, 2-ounce copper conductors (see curve). 





Note 2: For supply voltages less than ± 1 5V, the absolute maximum input voltage is equal 




to the supply voltage. 






Note 3: Continuous short circuit is allowed for case temperatures to 70 C and ambient 




temperatures to 55 C. 






Note 4: These specifications apply for 0°C < T A <70 C, ±5V, < V s < ±20V and Cl 




= 30 pF unless otherwise specified. 







2-116 



T CIRCUIT CURRENT (mA) SUPPLY CURRENT (mA) r+ INPUT VOLTAGE RANGE (±V) 


guaranteed performance characteristics 


Input Voltage Range 


Output Swing 
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ypical performance characteristics 
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Input Bias Current 



5 10 15 

SUPPLY VOLTAGE ( -V) 


Short Circuit Current 


Input Current 


Maximum Power Dissipation 



20 40 60 80 100 

JUNCTION TEMPERATURE ( C) 



20 40 60 80 

TEMPERATURE ( C) 


25 35 45 55 65 

AMBIENT TEMPERATURE (°C) 


Open Loop 
Frequency Response 



10 100 IK 10K 100K 1M 10M 

FREQUENCY (Hz) 


Large Signal 
Frequency Response 
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Pulse Response 
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LM101A/LM201 


Operational Amplifiers 



Kl 

LM101A/LM201A operational amplifier 


general description 

The LM101A and LM201A are general purpose 
operational amplifiers which feature improved per- 
formance over industry standards like the LM101 
and the 709. Advanced processing techniques 
make possible an order of magnitude reduction in 
input currents, and a redesign of the biasing cir- 
cuitry reduces the temperature drift of input cur- 
rent. Improved specifications include: 

■ Offset voltage 3 mV maximum over tempera- 
ture 

■ Input current 100 nA maximum over tem- 
perature 

■ Offset current 20 nA maximum over tem- 
perature 

■ Guaranteed drift characteristics 

■ Offsets guaranteed over entire common mode 
and supply voltage ranges 

o Slew rate of 10V//us as a summing amplifier 

This amplifier offers many features which make its 
application nearly foolproof: overload protection 
on the input and output, no latch-up when the 
common mode range is exceeded, freedom from 
oscillations and compensation with a single 30 pF 


capacitor. It has advantages over internally com- 
pensated amplifiers in that the frequency compen- 
sation can be tailored to the particular application. 
For example, in low frequency circuits it can be 
overcompensated for increased stability margin. Or 
the compensation can be optimized to give more 
than a factor of ten improvement in high frequen- 
cy performance for most applications. 

The LM101A series offers the features of the 
LM101, which makes its application nearly fool- 
proof. In addition, the device provides better 
accuracy and lower noise in high impedance cir- 
cuitry. The low input currents also make it par- 
ticularly well suited for long interval integrators or 
timers, sample and hold circuits and low frequency 
waveform generators. Further, replacing circuits 
where matched transistor pairs buffer the inputs of 
conventional 1C op amps, it can give lower offset 
voltage and drift at a lower cost. 

The LM201A is identical to the LM101A, except 
that the LM201A has its performance guaranteed 
over a -25°C to 85°C temperature range, instead 
of -55° C to 125°C. 


schematic** and connection diagrams 



Flat Package 




Note: Pin 4 connected to case. 


Note: Pin 5 connected to bottom of package. 


Order Number Order Number 

LM101AH or LM201AH LM101AF or LM201AF 

See Package 1 1 See Package 3 

Dual-1 n-Line 



Note: Pin G connected to bottom of package. 


typical applications" 

Fast AC/DC Converter* 



Order Number LM101AD or LM201AD 
See Package 1 


Instrumentation Amplifier 



*Pin connections shown are for metal can. 


\ t Matching determines CMRR. 
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absolute maximum ratings 





Supply Voltage ±22V 

Power Dissipation (Note 1) 500 mW 

Differential Input Voltage ±30V 

Input Voltage (Note 2) ±15V 

Output Short-Circuit Duration (Note 3) Indefinite 

Operating Temperature Range LM101A -55°C to 125°C 

LM201A -25°C to 85°C 

Storage Temperature Range -65°C to 150°C 

Lead Temperature (Soldering, 10 sec) 300°C 




electrical characteristics (Note 4) 





PARAMETER 

CONDITIONS 

MIN 

TYP 

MAX 

UNITS 

Input Offset Voltage 

T a = 25°C, R s < 50 k£2 


0.7 

2.0 

mV 

Input Offset Current 

T a = 25°C 


1.5 

10 

nA 

Input Bias Current 

T a = 25° C 


30 

75 

nA 

Input Resistance 

T a = 25°C 

1.5 

4 


Mft 

Supply Current 

T a = 25°C, V s = ±20V 


1.8 

3.0 

mA 

Large Signal Voltage 

Gain 

T a = 25°C, V s = ±15V 

V OUT = ±10V, R L > 2 

50 

160 


V/mV 

Input Offset Voltage 

R s <50 kft 



3.0 

mV 

Average Temperature 
Coefficient of Input 
Offset Voltage 



3.0 

15 

MV/°C 

Input Offset Current 




20 

nA 

Average Temperature 
Coefficient of Input 
Offset Current 

25°C < T a < 125°C 
-55°C< T a < 25°C 


0.01 

0.02 

0.1 

0.2 

nA/°C 

nA/°C 

Input Bias Current 




100 

nA 

Supply Current 

T a = +125°C, V s = ±20V 


1.2 

2.5 

mA 

Large Signal Voltage 

Gain 

V s = ±15V, V OUT =±10V 
R L > 2kfi 

25 



V/mV 

Output Voltage Swing 

V s =±15V, R L = 10 kn 

R L =2kn 

±12 

±10 

±14 

±13 


V 

V 

Input Voltage Range 

V s = ±20V 

±15 



V 

Common Mode 

Rejection Ratio 

R s <50kn 

80 

96 


dB 

Supply Voltage 

Rejection Ratio 

R s <50k£2 

80 

96 


dB 

Note 1 : The maximum junction temperature of the LM101 A is 150°C, while that of the LM201A is 100°C. For operating at 
elevated temperatures, devices in the TO-5 package must be derated based on a thermal resistance of 150°C/W, junction to 
ambient, or 45°C/W, junction to case. For the flat package, the derating is based on a thermal resistance of 185°C/W when 
mounted on a 1/16-inch-thick epoxy glass board with ten, 0.03-inch-wide, 2-ounce copper conductors. The thermal resistance 
of the dual-in-line apckage is 100°C/W, junction to ambient. 

Note 2: For supply voltages less than ±15V, the absolute maximum input voltage is equal to the supply voltage. 

Note 3: Continuous short circuit is allowed for case temperatures to +125°C and ambient temperatures to +75°C. 

Note 4: These specifications apply for ±5V < Vg < ±20V and -55°C < T/\ < 125°C, unless otherwise specified. With the 
LM201A, however, all temperature specifications are limited to -25°C < T^ < 85°C. 
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LM101A/LM201A 




LM101A/LM201A 


guaranteed performance characteristics 


Input Voltage Range 



SUPPLY VOLTAGE (±V) 



5 10 15 20 

SUPPLY VOLTAGE (±V) 



5 10 15 20 

SUPPLY VOLTAGE (±V) 


typical performance characteristics 


Supply Current 



5 10 15 20 

SUPPLY VOLTAGE (±V) 



5 10 15 20 

SUPPLY VOLTAGE (±V) 


Input Current 



TEMPERATURE (°C) 



0 5 10 15 20 25 30 

OUTPUT CURRENT (±mA) 


Input Noise Voltage 



Input Noise Current 



10 100 Ik 10k 100k 

FREQUENCY (Hz) 



10 100 Ik 10k 100k 1M 


FREQUENCY (Hz) 


Power Supply Rejection 



Closed Loop Output Impedance 
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compensation circuits ** 


Single Pole Compensation Two Pole Compensation 




**Pin connections shown are for metal can. 


Feedforward Compensation 



typical performance characteristics (con't) 



1 10 100 Ik 10k 100k 1M 10M 

FREQUENCY (Hz) 



1 10 100 Ik 10k 100k 1M 10M 

FREQUENCY (Hz) 



10 100 Ik 10k 100k 1M 10M 100M 
FREQUENCY (Hz) 



FREQUENCY (Hz) 


FREQUENCY (Hz) 


FREQUENCY (Hz) 


Voltage Follower Pulse Response 
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LM101A/LM201A 





LM101A/LM201A 


typical applications ** (con't) 


Variable Capacitance Multiplier 


Simulated Inductor 


Fast Inverting Amplifier With High 
Input Impedance 





Inverting Amplifier Sine Wave Oscillator Integrator with Bias Current Compensation 



application hints** 


Protecting Against Gross 
Fault Conditions 



Compensating For Stray Input 
Capacitances Or Large Feedback 
Resistor 




Although the LM101A is designed for trouble free operation, experience has 
indicated that it is wise to observe certain precautions given below to protect the 
devices from abnormal operating conditions. It might be pointed out that the 
advice given here is applicable to practically any 1C op amp, although the exact 
reason why may differ with different devices. 

When driving either input from a low-impedance source, a limiting resistor should 
be placed in series with the input lead to limit the peak instantaneous output 
current of the source to something less than 100 mA. This is especially important 
when the inputs go outside a piece of equipment where they could accidentally be 
connected to high voltage sources. Large capacitors on the input (greater than 
0.1 pF) should be treated as a low source impedance and isolated with a resistor. 
Low impedance sources do not cause a problem unless their output voltage ex- 
ceeds the supply voltage. However, the supplies go to zero when they are turned 
off, so the isolation is usually needed. 

The output circuitry is protected against damage from shorts to ground. However, 
when the amplifier output is connected to a test point, it should be isolated by 
a limiting resistor, as test points'frequently get shorted to bad places. Further, 
when the amplifier drives a load external to the equipment, it is also advisable 
to use some sort of limiting resistance to preclude mishaps. 

Precautions should be taken to insure that the power supplies for the integrated 
circuit never become reversed— even under transient conditions. With reverse volt- 
ages greater than IV, the 1C will conduct excessive current, fuzing internal 
aluminum interconnects. If there is a possibility of this happening, clamp diodes 
with a high peak curren| rating should be installed on the supply lines. Reversal of 
the voltage between V + and V - will always cause a problem, although reversals 
with respect to ground may also give difficulties in many circuits. 

The minimum values given for the frequency compensation capacitor are stable 
only for source resistances less than 10 kS2, stray capacitances on the summing 
junction less than 5 pF and capacitive loads smaller than 100 pF. If any of these 
conditions are not met, it becomes necessary to overcompensate the amplifier 
with a larger compensation capacitor. Alternately, lead capacitors can be used in 
the feedback network to negate the effect of stray capacitance and large feedback 
resistors or an RC network can be added to isolate capacitive loads. 

Although the LM101A is relatively unaffected by supply bypassing, this cannot 
be ignored altogether. Generally it is necessary to bypass the supplies to ground at 
least once on every circuit card, and more bypass points may be required if more 
than five amplifiers are used. When feed-forward compensation is employed, how- 
ever, it is advisable to bypass the supply leads of each, amplifier with low 
inductance capacitors because of the higher frequencies involved. 


**Pin connections shown are for metal can. 
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Operational Amplifiers 


LM301A operational amplifier 
general description 

The LM301A is a general-purpose operational 
amplifier which features improved performance 
over the 709C and other popular amplifiers. 
Advanced processing techniques make possible an 
order of magnitude reduction in input currents, 
and a redesign of the biasing circuitry reduces the 
temperature drift of input current. 

This amplifier offers many features which make its 
application nearly foolproof: overload protection 
on the input and output, no latch-up when the 
common mode range is exceeded, freedom from 
oscillations and compensation with a single 30 pF 
capacitor. It has advantages over internally com- 
pensated amplifiers in that the compensation can 
be tailored to the particular application. For 


example, as a summing amplifier, slew rates of 
10 V / /ns and bandwidths of 10 MHz can be 
realized. In addition, the circuit can be used as a 
comparator with differential inputs up to ±30V; 
and the output can be clamped at any desired level 
to make it compatible with logic circuits. 

The LM301A provides better accuracy and lower 
noise than its predecessors in high impedance 
circuitry. The low input currents also make it 
particularly well suited for long interval integrators 
or timers, sample and hold circuits and low fre- 
quency waveform generators. Further, replacing 
circuits where matched transistor pairs buffer the 
inputs of conventional 1C op amps, it can give 
lower offset voltage and drift at reduced cost. 


schematic** and connection diagrams 






Order Number LM301AH 
See Package 1 1 



Order Number LM301AN 
See Package 20 


typical applications 


Integrator with Bias Current Compensation Low Frequency Square Wave Generator 


Voltage Comparator for Driving 
DTL or TTL Integrated Circuits 




C1 I 'Adjust for zero integrator 
3 ° [ F | • drift. Current drift 
1 typically 0.1 nA/°C over 
0°Cto 70°C temperature 


*Pin connections shown are for metal can. 
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LM301A 




LM301A 


absolute maximum ratings 





Supply Voltage ±18V 

Power Dissipation (Note 1) 500 mW 

Differential Input Voltage ±30V 

Input Voltage (Note 2) ±15V 

Output Short-Circuit Duration (Note 3) Indefinite 

Operating Temperature Range 0°C to 70°C 

Storage Temperature Range -65°C to 150°C 

Lead Temperature (Soldering, 10 sec) 300°C 




electrical characteristics (Note 4) 





PARAMETER 

CONDITIONS 

MIN 

TYP 

MAX 

UNITS 

Input Offset Voltage 

T a = 25°C, R s < 50 kft 


2.0 

7.5 

mV 

Input Offset Current 

T a = 25° C 


3 

50 

nA 

Input Bias Current 

T A = 25°C 


70 

250 

nA 

Input Resistance 

T a = 25° C 

0.5 

2 


M£2 

Supply Current 

T a = 25°C, V s = ±1 5V 


1.8 

3.0 

mA 

Large Signal Voltage 

Gain 

T a = 25°C, V s = ±1 5V 

V O ut = ± 10V, R L > 2 kfi 

25 

160 


V/mV 

Input Offset Voltage 

R s <50 k Q 



10 

mV 

Average Temperature 
Coefficient of Input 

Offset Voltage 



6.0 

30 

AiV/° C 

Input Offset Current 




70 

nA 

Average Temperature 
Coefficient of Input 

Offset Current 

25°C < T a < 70°C 
0°C<Ta<25°C 


0.01 

0.02 

0.3 

0.6 

nA/°C 

nA/°C 

Input Bias Current 




300 

nA 

Large Signal Voltage 

Gain 

V s = ±1 5V, V OUT = ±10V 
R L >2kH 

15 



V/mV 

Output Voltage Swing 

V S = ±15V, R L = 10 k£2 

R L = 2 k!2 

±12 

±10 

±14 

±13 


V 

V 

Input Voltage Range 

V s = ±15V 

±12 



V 

Common Mode 

Rejection Ratio 

R s < 50 k£2 

70 

90 


dB 

Supply Voltage 

Rejection Ratio 

R s < 50 k£2 

70 

96 

J 


dB 

Note 1 : For operating at elevated temperatures, the device must be derated based 
on a 100 C maximum junction temperature and a thermal resistance of 150°C/W 
junction to ambient or 45°C/W junction to case. 

Note 2: For supply voltages less than ±15V, the absolute maximum input voltage 
is equal to the supply voltage. 

Note 3: Continuous short circuit is allowed for case temperatures to 70°C and 
ambient temperatures to 55°C. 

Note 4: These specifications apply for 0°C <T a < C 70°C, ±5V, <C V s <±15V and 

Cl = 30 pF unless otherwise specified. ~~ 
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VOLTAGE GAIN (dB) OUTPUT SWING (±V) SUPPLY CURRENT (mA) INPUT VOLTAGE RANGE (±V) 



10 100 IK 10K 100K 1M 10M 

IK 

10K 100K 1M 

10M 

0 10 20 30 40 50 60 70 80 

FREQUENCY (Hz) 


FREQUENCY (Hz) 


TIME (us) 



LM301A 







LM301A 


typical applications** (con't) 


Standard Compensation and 
Offset Balancing Circuit 



Fast Voltage Follower 



**Pin connections shown are for metal can. 


Fast Summing Amplifier 



Bilateral Current Source 
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IMS Operational Amplifiers 


LM102 voltage follower 
general description 

The LM102 is a high-gain operational amplifier de- 
signed specifically for unity-gain voltage follower 
applications. Built on a single silicon chip, the device 
incorporates advanced processing techniques to ob- 
tain very low input current and high input imped- 
ance. Further, the input transistors are operated at 
zero collector-base voltage to virtually eliminate 
high temperature leakage currents. It can therefore 
be operated in a temperature stabilized component 
oven to get extremely low input currents and low 
offset voltage drift. Other outstanding characteris- 
tics of the device include: 

• Fast slewing — 1'0V//is 

• Low input current — 10 nA (max) 


• High input resistance — 10,000 MS7 

• No external frequency compensation required 

• Simple offset balancing with optional 1 K poten- 
tiometer 

• Plug-in replacement for both the LM101 and 
LM709 in voltage follower applications. 

The LM102, which is designed to operate with sup- 
ply voltages between ±12V and ±15V, also features 
low input capacitance as well as excellent small sig- 
nal and large signal frequency response — all of 
which minimize high frequency gain error. Because 
of the low wiring capacitances inherent in mono- 
lithic construction, this fast operation can be real- 
ized without increasing power consumption. 


schematic** and connection diagrams 


BALANCE 



TOP VIEW 


NO CONNECTION 



Note: Pin 4 connected to case. 

Order Number LM102H 
See Package 1 1 


typical applications ** 

Low Pass Active Filter 

cr 




Sample and Hold With 
Offset Adjustment 



High Input Impedance 
AC Amplifier 
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LM102 




LM102 


absolute maximum ratings 





Supply Voltage ±18V 

Power Dissipation (Note 1 ) 500 mW 

Input Voltage (Note 2) ±15V 

Output Short-Circuit 

Duration (Note 3) Indefinite 

Operating Temperature Range -55°C to 1 25°C 

Storage Temperature Range -65°C to 1 50°C 

Lead Temperature 

(soldering, 10 sec) 300°C 





electrical characteristics (Note 4) 





PARAMETER 

CONDITIONS 

MIN 

TYP 

MAX 

UNIT 

Offset Voltage 



2 

5 

mV 

Average Temperature Coefficient of 

Offset Voltage 



6 


MV/°C 

Input Current 



3 

10 

nA 

Input Resistance 


10 10 

10 12 


£2 

Voltage Gain 

R L >10k£2 

0.999 

0.9996 



Output Resistance 



0.8 

2.5 

£2 

Output Voltage Swing (Note 5) 

R L >8k£2 

±10 

±13 


V 

Supply Current 



3.5 

5.5 

mA 

Positive Supply Rejection 


60 



dB 

Negative Supply Rejection 


70 



dB 

Input Capacitance 




3.0 

PF 

Offset Voltage 

-55°C < T A < 125°C 



7.5 

mV 

Input Current 

T a = 125°C 

T a = -55° C 


3 

30 

10 

100 

< < 
c c 

Voltage Gain 

-55°C < T a < 125°C 

R l > 10k£2 

0.999 




Output Voltage Swing (Note 5) 

R l > 10 k£2 

±10 



V 

Supply Current 

T A = 125°C 


2.6 

4.0 

mA 

Note 1: For operating at elevated temperatures, the device must be derated based on a 

150°C maximum junction temperature and a thermal resistance of 45°C/W junction to 
case or 150°C/W junction to ambient (see curve). 

Note 2: For supply voltages less than ±15V, the absolute maximum input voltage is equal 
to the supply voltage. 

Note 3: Continuous short circuit is allowed for case temperatures to 125°C and ambient 
temperatures to 70°C. It is necessary to insert a resistor greater than 2 kJ2 in series with 
the input when the amplifier is driven from low impedance sources to prevent damage 
when the output is shorted. 

Note 4: These specifications apply for T A = 25°C, V s = ±15V and C u < 100 pF unless 
otherwise noted 

Note 5: Increased output swing under load can be obtained by connecting an external 
resistor between the booster and V - terminals.See curve. 
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LM102 







LM202 



Operational Amplifiers 


LM202 voltage follower 
general description 

The LM202, a limited temperature range version of 
the LM102, is a high-gain operational amplifier de- 
signed specifically for unity-gain voltage follower 
applications. Built on a single silicon chip, the de- 
vice incorporates advanced processing techniques 
to obtain very low input current and high input 
impedance. Further, the input transistors are op- 
erated at zero collector-base voltage to virtually 
eliminate high temperature leakage currents. It can 
therefore be operated in a temperature stabilized 
component oven to get extremely low input cur- 
rents and low offset voltage drift. Other outstand- 
ing characteristics of the device include: 

■ Fast slewing: 10V/jUs 

■ Low input current: 15 nA (max) 


■ High input resistance: 10,000 M£2 

■ No external frequency compensation required 

■ Simple offset balancing with optional IK 
potentiometer 

■ Specified for operation from -25°C to 85°C 

■ Plug-in replacement for both the LM201 and 
LM709C voltage follower applications. 

The LM202, which is designed to operate with 
supply voltages between ±12V and ±15V, also fea- 
tures low input capacitance as well as excellent 
small signal and large signal frequency response — 
all of which minimize high frequency gain error. 
Because of the low wiring capacitances inherent in 
monolithic construction, this fast operation can be 
realized without increasing power consumption. 


schematic and connection diagrams 


BALANCE 



Low Pass Active Filter 


cr 



R1 

1 10K 



TOP VIEW 


NO CONNECTION 



Note: Pin 4 connected to case. 

Order Number LM202H 
See Package 1 1 


Sample and Hold With 
Offset Adjustment 



High Input Impedance 
AC Amplifier 
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absolute maximum ratings 


Supply Voltage 

Power Dissipation (Note 1) 

Input Voltage (Note 2) 

Output Short Circuit Duration (Note 3) 
Operating Temperature Range 
Storage Temperature Range 
Lead Temperature (soldering, 10 sec) 


electrical characteristics (Note 4) 


UNITS 

mV 

AlV/°C 

nA 

a 


12 

V 


mA 


pF 

mV 

nA 

nA 


Note 1: For operating at elevated temperatures, the device must be derated based on a 
100 C maximum junction temperature and a thermal resistance of 45°C/W junction to 
case or 150°C/W junction to ambient (see curve). 

Note 2: For supply voltages less than ±15V, the absolute maximum input voltage is equal 
to the supply voltage. 

Note 3: Continuous short circuit is allowed for case temperatures to 85°C and ambient 
temperatures to 55°C. It is necessary to insert a resistor greater than 2 kJ2 in series with 
the input when the amplifier is driven from low impedance sources to prevent damage 
when the output is shorted. 

Note 4: These specifications apply for T A = 25°C, V s = ±15V and C L < 100 pF unless 
otherwise noted. 


PARAMETER 

CONDITIONS 

MIN 

TYP 

MAX 

Offset Voltage 



3 

10 

Average Temperature Coefficient of Offset Voltage 



15 


Input Current 



7 

15 

Input Resistance 


10 10 

10 12 


Voltage Gain 

R L >8 K12 

.999 

0.9995 

1.000 

Output Resistance 



0.8 

2.5 

Output Voltage Swing 

R L >8 K12 

±10 



Supply Current 



3.5 

5.5 

Positive Supply Rejection 


60 



Negative Supply Rejection 


70 



Input Capacitance 



3.0 


Offset Voltage 

-25°C < T a <85°C 



15 

Input Current 

T A = 85°C 


1.5 

5.0 


T a = -25°C 


30 

50 


±18V 
500 mW 
±15V 
Indefinite 
-25°C to 85° C 
-65°C to 150°C 
300°C 
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LM202 




Operational Amplifiers 


LM302 voltage follower 
general description 

The LM302 is a high gain operational amplifier de- 
signed specifically for unity-gain voltage follower 
applications. Built on a single silicon chip, the 
device incorporates advanced processing tech- 
niques to obtain very low input current and 
high input impedance. Further, the input tran- 
sistors are operated at zero collector-base voltage 
to virtually eliminate high temperature leakage 
currents. It can therefore be operated in a 
temperature stabilized component over to get 
extremely low input currents and low offset 
voltage drift. Other outstanding characteristics 
of the device include: 

■ Fast Slewing — lOV/ps 

■ Low input current — 30 nA (max) 

schematic and connection diagrams 


■ High input resistance — 1,000 M£2 

■ No external frequency compensation re- 
quired 

■ Simple offset balancing with optional IK 
potentiometer 

■ Specified for operation from 0°C to 70°C 

■ Plug-in replacement for both the LM201 and 
LM709C in voltage follower applications. 

The LM302, which is designed to operate with 
supply voltages between ±12V and ±15V, also fea- 
tures low input capacitance as well as excellent 
small signal and large signal frequency response — 
all of which minimize high frequency gain error. 
Because of the low wiring capacitances inherent in 
monolithic construction, this fast operation can be 
realized without increasing power consumption. 



typical applications 


Low Pass Active Filter 



INPUT co _ co BIAS 


Order Number LM302H 
See Package 1 1 


Sample and Hold With 
Offset Adjustment 



High Pass Active Filter 


•Values are for 1 0 K Hz cutoff. 
Use silvered mica capacitors for 
good temperature stability. 


•Polycarbonate-dielectric capacitor. 


•Values are for 1 00 Hz cutoff. Use 
metalized polycarbonate capacitors 
for good temperature stability 


High Input Impedance 
AC Amplifier 



LM302 




LM302 


absolute maximum ratings 






Supply Voltage 

Power Dissipation (Note 1) 

Input Voltage (Note 2) 

Output Short Circuit Duration (Note 3) 

Operating Temperature Range 

Storage Temperature Range 

Lead Temperature (soldering, 10 sec) 

±18V 
400 mW 
±1 5V 
Indefinite 
0°C to 70°C 
-65° C to 150°C 
300° C 





electrical characteristics (Note 4) 





PARAMETER 

CONDITIONS 

MIN 

TYP 

MAX 


Offset Voltage 



5 

15 

mV 

Average Temperature Coefficient of Offset Voltage 



20 


juV/°C 

Input Current 



10 

30 

nA 

Input Resistance 


10 9 

10 12 


n 

Voltage Gain 

R L >8Kfi 

0.9985 

0.9995 

1.000 


Output Resistance 



0.8 

2.5 

n 

Output Voltage Swing 

R l >8 K£l 

±10 



V 

Supply Current 



3.5 

5.5 

mA 

Positive Supply Rejection 


60 



dB 

Negative Supply Rejection 


70 



dB 

Input Capacitance 



3.0 


pF 

Offset Voltage 

°° c < t a<70°C 



20 

mV 

Input Current 

r- o 

II II 
< < 

1- 1- 


3.0 

20 

15 

50 

< < 
c c 

Note 1: For operating at elevated temperatures, the device must be derated based on a 

85°C maximum junction temperature and a thermal resistance of 45°C/W junction to 
case or 150°C/W junction to ambient (see curve). 

Note 2: For supply voltages less than ±15V, the absolute maximum input voltage is equal 
to the supply voltage. 

Note 3: Continuous short circuit is allowed for case temperatures to 70°C and ambient 
temperatures to 55°C. It is necessary to insert a resistor greater than 2 K£2 in series with 
the input when the amplifier is driven from low impedance sources to prevent damage 
when the output is shorted. 

Note 4: These specifications apply for T A = 25°C, V s = ±15V and C L < 100 pF unless 
otherwise noted. 
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LM302 




LM107/LM207 


Operational Amplifiers 


LM107/LM207 operational amplifier 
general description 


The LM107 and LM207 are complete, general 
purpose operational amplifiers, with the necessary 
frequency compensation built into the chip. Ad- 
vanced processing techniques make the input 
currents a factor of ten lower than industry 
standards like the 709. Yet, they are a direct, 
plug-in replacement for the 709, LM101, LM101A 
and 741. Specifications which have been improved 
include: 

■ Offset voltage 3 mV maximum over tempera- 
ture 

■ Input current 100 nA maximum over tempera- 
ture 

■ Offset current 20 nA maximum over tempera- 
ture 

■ Guaranteed drift characteristics 


■ Offsets guaranteed over entire common mode 
range 

The LM107 series offers the features of the 
LM101, which makes its application nearly fool- 
proof. In addition, the device provides better 
accuracy and lower noise in high impedance 
circuitry. The low input currents also make it 
particularly well suited for long interval integrators 
or timers, sample and hold circuits and low 
frequency waveform generators. Further, replacing 
circuits where matched transistor pairs buffer the 
inputs of conventional 1C op amps, it can give 
lower offset voltage and drift at a lower cost. 

The LM207 is identical to the LM107, except that 
the LM207 has its performance guaranteed over a 
-25° C to 85°C temperature range, instead of 
-55°C to 125°C. 


schematic* ** and connection diagrams 







Note: Pin 4 connected to case. Note: Pin 5 connected to bottom of package. 


Order Number 
LM107H or LM207H 
See Package 1 1 


Order Number 
LM107F or LM207F 
See Package 3 



typical applications 


Note: Pin 6 connected to bottom of package. 

TOP VIEW 

Order Number LM107D or LM207D 
See Package 1 


Inverting Amplifier 


Non-Inverting AC Amplifier 


Non-Inverting Amplifier 





*Pin connections shown are for metal can. 
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absolute maximum ratings 





Supply Voltage ±22 V 

Power Dissipation (Note 1) 500 mW 

Differential Input Voltage ±30V 

Input Voltage *(Note 2) ±15V 

Output Short-Circuit Duration Indefinite 

Operating Temperature Range LM107 -55°C to 125°C 

LM207 -25° C to 85° C 

Storage Temperature Range -65° C to 150°C 

Lead Temperature (Soldering, 10 sec) 300°C 




electrical characteristics (Note 3) 





PARAMETER 

CONDITIONS 

MIN 

TYP 

MAX 

UNITS 

Input Offset Voltage 

T A = 25°C, R s < 50 kft 


0.7 

2.0 

mV 

Input Offset Current 

T A = 25° C 


1.5 

10 

nA 

Input Bias Current 

T a = 25° C 


30 

75 

nA 

Input Resistance 

T a = 25° C 

1.5 

4 


Mf2 

Supply Current 

T a = 25° C, V s = ±20V 


1.8 

3.0 

mA 

Large Signal Voltage 

Gain 

T a = 25°C, V s = ±1 5V 

Vout = ±10V. R L > 2 k£2 

50 

160 


V/mV 

Input Offset Voltage 

R s < 50 kn 



3.0 

mV 

Average Temperature 
Coefficient of Input 
Offset Voltage 



3.0 

15 

juV/°C 

Input Offset Current 




20 

nA 

Average Temperature 
Coefficient of Input 
Offset Current 

25°C < T a < 125°C 
-55° C < T a < 25°C 


0.01 

0.02 

0.1 

0.2 

nA/°C 

nA/°C 

Input Bias Current 




100 

nA 

Supply Current 

T a = +1 25°C, V s = ±20V 


1.2 

2.5 

mA 

Large Signal Voltage 

Gain 

V s = ±1 5V, Vqut = ±10V 

R l > 2 kQ 

25 



V/mV 

Output Voltage Swing 

V s = ±1 5V, R l = 10 k^2 

R l =2kn 

±12 

±10 

±14 

±13 


V 

V 

Input Voltage Range 

V s = ±20V 

±15 



V 

Common Mode 

Rejection Ratio 

R s <50k£2 

80 

96 


dB 

Supply Voltage 

Rejection Ratio 

R s < 50 k Cl 

80 

96 


dB 

Note 1: The maximum junction temperature of the LM107 is 150°C, while that of the LM207 is 100°C. For operating at 
elevated temperatures, devices in the TO-5 package must be derated based on a thermal resistance of 15C°C/W, junction to 
ambient, or 45°C/W, junction to case. For the flat package, the derating is based on a thermal resistance of 185°C/W when 
mounted on a 1/1 6-inch-thick epoxy glass board with ten, 0.03-inch-wide, 2-ounce copper conductors. The thermal resistance 
of the dual-in-line package is 100°C/W, junction to ambient. 

Note 2: For supply voltages less than ±15V, the absolute maximum input voltage is equal to the supply voltage. 

Note 3: These specifications apply for ±5V < V$ < ±20V and — 55°C < T/\ < 125°C for the LM107 or — 25°C < T/\ 85°C 
for the LM207, unless otherwise specified. 
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LM107/LM207 



LM107/LM207 


guaranteed performance characteristics 



Output Swing 




5 10 15 20 


SUPPLY VOLTAGE <±V) SUPPLY VOLTAGE (±V) 

typical performance characteristics 


SUPPLY VOLTAGE (±V> 



5 10 15 20 

SUPPLY VOLTAGE (±V) 


Voltage Gain 



SUPPLY VOLTAGE (±V) 


Input Current 



TEMPERATURE (°C) 



0 5 10 15 20 25 30 

OUTPUT CURRENT (±mA) 

Open Loop- 
Frequency Response 



1 10 100 IK 10K 100K 1M 10M 

FREQUENCY (Hz) 



10 100 Ik 10k 100k 


FREQUENCY (Hz) 


Large Signal 
Frequency Response 



IK 10K 100K 

FREQUENCY (Hz) 



FREQUENCY (Hz) 


Voltage Follower 
Pulse Response 



0 10 20 30 40 50 60 70 80 
TIME (ps) 
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MS Operational Amplifiers 


LM307 operational amplifier 
general description 

The LM307 is a complete, general purpose opera- 
tional amplifier, with the necessary frequency 
compensation built into the chip. Advanced pro- 
cessing techniques make the input currents a factor 
of ten lower than industry standards like the 
709C. Yet, it is a direct, plug-in replacement for 
the 709C, LM201 , MC1439 and 741 in most 
applications. 

In addition to reduced input current, the offset 
voltage and offset current are guaranteed over the 
entire common mode range and maximum drift 
specifications are given. The amplifier also offers 
many features which make its application nearly 


foolproof: overload protection on the input and 
output, no latch-up when the common mode range 
is exceeded, as well as freedom from oscillations. 

The LM307 provides better accuracy and lower 
noise than its predecessors in high impedance 
circuitry. The low input currents also make it 
particularly well suited for long interval integrators 
or timers, sample and hold circuits and low fre- 
quency waveform generators. Further, replacing 
circuits where matched transistor pairs buffer the 
inputs of conventional 1C op amps, it can give 
lower offset voltage and drift at reduced cost. 


schematic** and connection diagrams 

Metal Can 




Order Number LM307H 
See Package 1 1 

Cavity Dual-In-Line Package 



typical applications** 


Order Number LM307D 
See Package 1 


Flat Package 



Note: Pin 5 connected to bottom of package. 

TOP VIEW 


Order Number LM307F 
See Package 3 

Molded Dual-ln-Line Package 



TOP VIEW 

Order Number LM307N 
See Package 20 


Tunable Notch Filter 


Differential Input Instrumentation Amplifier 




**Pin connections shown are for metal can. 
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LM307 




LM307 


absolute maximum ratings 





Supply Voltage ±18V 

Power Dissipation (Note 1) 500 mW 

Differential Input Voltage ±30V 

Input Voltage (Note 2) ±15V 

Output Short-Circuit Duration (Note 3) Indefinite 

Operating Temperature Range 0°C to 70°C 

Storage Temperature Range -65°C to 150°C 

Lead Temperature (Soldering, 10 sec) 300°C 




electrical characteristics (Note 4) 





PARAMETER 

CONDITIONS 

MIN 

TYP 

MAX 

UNITS 

Input Offset Voltage 

T a = 25°C, R s < 50 kft 


2.0 

7.5 

mV 

Input Offset Current 

T a = 25° C 


3 

50 

nA 

Input Bias Current 

T a = 25° C 


70 

250 

nA 

Input Resistance 

T a = 25° C 

0.5 

2 



Supply Current 

T A = 25°C, V s = ±15V 


1.8 

3.0 

mA 

Large Signal Voltage 

Gain 

T a = 25°C, V s = ±1 5V 

Vqut = ±10V, R L > 2 kil 

25 

160 


V/mV 

Input Offset Voltage 

R s <50kft 



10 

mV 

Average Temperature 
Coefficient of Input 

Offset Voltage 



6.0 

30 

mv/°c 

Input Offset Current 




70 

nA 

Average Temperature 
Coefficient of Input 

Offset Current 

25°C < T A < 70°C 

0°C < T A < 25°C 


0.01 

0.02 

0.3 

0.6 

3 Z3 
> > 

o o 

o o 

Input Bias Current 




300 

nA 

Large Signal Voltage 

Gain 

V s = ±15V, Vqut = ±10V 
R L >2kn 

15 



V/mV 

Output Voltage Swing 

V S = ±15V, R L = '[Oktl 

R L = 2 k!2 

±12 

±10 

±14 

±13 


V 

V 

Input Voltage Range 

V s = ±15V 

±12 



V 

Common Mode 

Rejection Ratio 

R s < 50 k£2 

70 

90 


dB 

Supply Voltage 

Rejection Ratio 

R s <50 k S2 

70 

1 

96 


dB 

Note 1: For operating at elevated temperatures, the device must be derated based 
on a 100°C maximum junction temperature and a thermal resistance of 150°C/W 
junction to ambient or 45°C/W junction to case. 

Note 2: For supply voltages less than ±15V, the absolute maximum input voltage 
is equal to the supply voltage. 

Note 3: Continuous short circuit is allowed for case temperatures to 70 C and 
ambient temperatures to 55°C. 

Note 4: The specifications apply for 0°C < T A < 70°C and ±5V < V S <±15V, 
unless otherwise specified. 
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guaranteed performance characteristics 

Input Voltage Range Output Swing 



LM307 




LM108/LM208 


KIS Operational Amplifiers 


LM1O8/LM208 operational amplifier 


general description 

The LM108 and LM208 are precision operational 
amplifiers having specifications a factor of ten 
better than FET amplifiers over a -55°C to 125°C 
temperature range. Selected units are available 
with offset voltages less than 1.0 mV and drifts 
less than 5 juV/° C, again over the military tempera- 
ture range. This makes it possible to eliminate 
offset adjustments, in most cases, and obtain 
performance approaching chopper stabilized 
amplifiers. 

The devices operate with supply voltages from 
±2 V to ±20V and have sufficient supply rejection 
to use unregulated supplies. Although the circuit 
is interchangeable with and uses the same compen- 
sation, as the LM101A, an alternate compensation 
scheme can be used to make it particularly insen- 
sitive to power supply noise and to make supply 
bypass capacitors unnecessary. Outstanding char- 
acteristics include: 


■ Maximum input bias current of 3.0 nA over 
temperature 

■ Offset current less than 400 pA over tempera- 
ture 

■ Supply current of only 300 //A, even in satura- 
tion 

■ Guaranteed drift characteristics 

The low current error of the LM108 series makes 
possible many designs that are not practical with 
conventional amplifiers. In fact, it operates from 
10 source resistances, introducing less error 
than devices like the 709 with 10k£2 sources. 
Integrators with drifts less than 500juV/sec and 
analog time delays in excess of one hour can be 
made using capacitors no larger than 1 juF. 

The LM208 is identical to the LM108, except that 
the LM208 has its performance guaranteed over a 
-25°C to 85°C temperature range, instead of 
-55°C to 1 25°C. 


connection diagrams * 

Metal Can 

COMP 2 



Note: Pin 4 connected to case. 

*Pin connections shown on schematic diagram are for T0-5 package. 
**Unused pin (no internal connection) to allow for input anti leakage 
guard ring on printed circuit board layout. 

Order Number LM108H or LM208H 
See Package 1 1 


Flat Package 



Note: Pin 6 connected to bottom of package. 

TOP VIEW 


Order Number LM108F or LM208F 
See Package 3 


Dual-In-Line 



TOP VIEW 

Order Number LM108D or LM208D 
See Package 1 


schematic diagram* and compensation circuits 
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absolute maximum ratings 

Supply Voltage ±20V 

Power Dissipation (Note 1 ) 500 mW 

Differential Input Current (Note 2) ±10 mA 

Input Voltage (Note 3) ±15V 

Output Short-Circuit Duration Indefinite 

Operating Temperature Range LM108 -55°Cto125°C 

LM208 -25°C to 85°C 

Storage Temperature Range -65°C to 150°C 

Lead Temperature (Soldering, 10 sec) 300°C 


electrical characteristics (Note 4) 


PARAMETER 


Input Offset Voltage 
(Note 5) 


Input Offset Current 
Input Bias Current 
Input Resistance 
Supply Current 
Large Signal Voltage Gain 


Input Offset Voltage 
(Note 5) 

Average Temperature 
Coefficient of Input 
Offset Voltage (Note 5) 

Input Offset Current 

Average Temperature 
Coefficient of Input 
Offset Current 

Input Bias Current 

Supply Current 

Large Signal Voltage Gain 


Output Voltage Swing 

Input Voltage Range 

Common Mode Rejection 
Ratio 


Supply Voltage Rejection 
R 


CONDITIONS 


T a = 25°C 
T a =25°C 
T a = 25° C 
T a = 25°C 

T a = 25°C, V s = ±1 5V 
V oux = ±10V, R L >10k£2 


V s = ±1 5V, Vqut = ±10V 
R l > 10 kn 

V s = ±15V, R l = 10 k n 



Note 1: The maximum junction temperature of the LM108 is 150 C, while that of the LM208 is 
100 C. For operating at elevated temperatures, devices in the TO-5 package must be derated based on 
a thermal resistance of 150°C/W, junction to ambient, or 45°C/W, junction to case. For the flat 
package, the derating is based on a thermal resistance of 185 C/W when mounted on a 1/16-inch-thick 
epoxy glass board with ten, 0.03-inch-wide, 2-ounce copper conductors. The thermal resistance of the 
dual-in-line package is 100 C/W, junction to ambient. 

Note 2: The inputs are shunted with back-to-back diodes for- overvoltage protection. Therefore, 
excessive current will flow if a differential input voltage in excess of IV is applied between the inputs 
unless some limiting resistance is used. 

Note 3: For supply voltages less than ±15V, the absolute maximum input voltage is equal to the 
supply voltage. 

Note 4: These specifications apply for ±5V < V s <±20V and -55°C <T A < 125°C, unless other- 
wise specified. With the LM208, however, all temperature specifications are limited to 
-25 C<T a <85 C. 

Note 5: The LM108A has a guaranteed offset voltage less than 0.5 mV at 25°C and 1.0 mV for 
-55 C<T A <125 C and V§ = o ±15V. The average temperature coefficient of input offset voltage is 
guaranteed to be less than 5 mV/ C for these same conditions. 
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LM108/LM208 


typical performance characteristics 



Input Noise Voltage 



10 100 IK 10K 100K 

FREQUENCY (Hz) 


Power Supply Rejection 


Closed Loop Output Impedance 



100 IK 10K 100K 1M 10M 

FREQUENCY (Hz) 




Open Loop 
Frequency Response 


Large Signal 
Frequency Response 


Voltage Follower Pulse Response 



1 10 100 IK 10K 100K 1M 10M IK 10K 100K 1M 0 20 40 60 80 100 120140160 

FREQUENCY (Hz) FREQUENCY (Hz) TIME M 
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KIS Operational Amplifiers 

LM308 operational amplifier 


general description 

The LM308 is a precision operational amplifier 
featuring input currents nearly a thousand times 
lower than industry standards like the LM709C. In 
fact, its performance approaches that of high 
quality FET amplifiers. The circuit is directly 
interchangeable with the LM301A in low fre- 
quency circuits and incorporates the same protec- 
tive features which make its application nearly 
foolproof. 

The device operates with supply voltages from 
±2V to ±15V and has sufficient supply rejection to 
use unregulated supplies. Although the circuit is 
designed to work with the standard compensation 
for the LM301A, an alternate compensation 
scheme can be used to make it particularly insen- 
sitive to power supply noise and to make supply 
bypass capacitors unnecessary. Power consump- 
tion is extremely low, so the amplifiers are ideally 
suited for battery powered applications. Out- 


standing characteristics include: 

■ Maximum input bias current of 7.0 nA 

■ Offset current less than 1.0 nA 

■ Supply current of only 300 ju A, even in satura- 
tion 

■ Guaranteed drift characteristics 

The low current error of the LM308 makes pos- 
sible many designs that are not practical with con- 
ventional amplifiers. In fact, it operates from 
10MI2 source resistances, introducing less error 
than devices like the 709C with 10 k£7 sources. 
Integrators with worst case drifts less than 
1 mV/sec and analog time delays in excess of one 
hour can be made using capacitors no larger than 
1 /i F. The device is well suited for use with piezo- 
electric, electrostatic or other capacitive trans- 
ducers, in addition to low frequency active filters 
with small capacitor values. 


connection diagrams * 

Metal Can Package Dual-In-Line Package 



Note: Pin 4 connected to case. 


Order Number LM308H 
See Package 1 1 



Note: Pin 7 connected to bottom of package. 

TOP VIEW 

Order Number LM308D 
See Package 1 


Flat Package 



Note: Pin 6 connected to bottom of package. 

TOP VIEW 


Order Number LM308F 
See Package 3 


Dual-In-Line Package 



Order Number LM308N 
See Package 20. 


schematic diagram* and compensation circuits 
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LM308 



LM308 


absolute maximum ratings 





Supply Voltage ±18V 

Power Dissipation (Note 1) 500 mW 

Differential Input Current (Note 2) ±10 mA 

Input Voltage (Note 3) ±15V 

Output Short-Circuit Duration Indefinite 

Operating Temperature Range 0°C to 70°C 

Storage Temperature Range -65°C to 150°C 

Lead Temperature (Soldering, 10 seconds) 300°C 




electrical characteristics (Note 4) 





PARAMETER 

CONDITIONS 

MIN 

TYP 

MAX 

UNITS 

Input Offset Voltage 

T a = 25° C 


2.0 

7.5 

mV 

Input Offset Current 

T a = 25° C 


0.2 

1 

nA 

Input Bias Current 

T a = 25° C 


1.5 

7 

nA 

Input Resistance 

T a = 25°C 

10 

40 


MS2 

Supply Current 

T a = 25°C, V S = ±15V 


0.3 

0.8 

mA 

Large Signal Voltage 

Gain 

T a = 25°C, V S = ±15V 

V O ut = ± 10V, R l > 10 k!2 

25 

300 


V/mV 

Input Offset Voltage 




10 

mV 

Average Temperature 
Coefficient of Input 

Offset Voltage 



6.0 

30 

pV/°C 

Input Offset Current 




1.5 

nA 

Average Temperature 
Coefficient of Input 

Offset Current 



2.0 

10 

pA/°C 

Input Bias Current 




10 

nA 

Large Signal Voltage 

Gain 

V s = ±15V, V OUT = ±10V 

R u > 10k£2 

15 



V/mV 

Output Voltage Swing 

V s = ±15V, R L = lOkft 

±13 

±14 


V 

Input Voltage Range 

V s = ±1 5V 

±14 



V 

Common Mode 

Rejection Ratio 


80 

100 


dB 

Supply Voltage 

Rejection Ratio 


80 

96 


dB 

Notel: The maximum junction temperature of the LM308 is 85°C. For operating at elevated tem- 
peratures, devices in the TO-5 package must be derated based on a thermal resistance of 150 C/W, 
junction to ambient, or 45 C/W, junction to case. For the flat package, the derating is based on a 
thermal resistance of 185 C/W when mounted on a 1 /16-inch-thick epoxy glass board with ten, 

0.03-inch-wide, 2-ounce copper conductors. The thermal resistance of the dual-in-line package is 

100 C/W, junction to ambient. 

Note 2: The inputs are shunted with back-to-back diodes for overvoltage protection. Therefore, 
excessive current will flow if a differential input voltage in excess of IV is applied between the inputs 
unless some limiting resistance is used. 

Note 3: For supply voltages less than ±15V, the absolute maximum input voltage is equal to the 
supply voltage. 

Note 4: These specifications apply for ±5V < V S <±15V and 0 C<T A <70 C, unless otherwise 
specified. 
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VOLTAGE GAIN (dB) VOLTAGE GAIN (dB) INPUT NOISE (nV/ \/Hz) INPUT CURRENT (nA) 
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LM108A/LM208A/LM308 


Operational Amplifiers 


LM108A/LM208A/LM308A operational amplifier 
general description 


The LM108A, LM208A and LM308A are precision 
operational amplifiers having specifications about 
a factor of ten better than FET amplifiers over 
their operating temperature range. In addition to 
low input currents, these devices have extremely 
low offset voltage, making it possible to eliminate 
offset adjustments, in most cases, and obtain 
performance approaching chopper stabilized 
amplifiers. 

The devices operate with supply voltages from 
±2 V to ±20V and have sufficient supply rejection 
to use unregulated supplies. Although the circuit is 
interchangeable with and uses the same compensa- 
tion as the LM101A, an alternate compensation 
scheme can be used to make it particularly insensi- 
tive to power supply noise and to make supply 
bypass capacitors unnecessary. Outstanding char- 
acteristics include: 

■ Offset voltage guaranteed less than 0.5 mV 

■ Maximum input bias current of 3.0 nA over 
temperature 


Offset current less than 400 pA over tempera- 
ture 

Supply current of only 300 juA, even in 
saturation 

Guaranteed 5 /iV/°C drift. 


The low current error of the LM108A series makes 
possible many designs that are not practical with 
conventional amplifiers. In fact, it operates from 
10Mf2 source resistances, introducing less error 
than devices like the 709 with 10 k£2 sources. Inte- 
grators with drifts less than 500 /iV/sec and analog 
time delays in excess of one hour can be made 
using capacitors no larger than 1 (if. 

The LM208A is identical to the LM108A, except 
that the LM208A has its performance guaranteed 
over a -25°C to 85°C temperature range, instead 
of -55° C to 125°C. The LM308A has slightly- 
relaxed specifications and has its performance 
guaranteed over a 0°C to 70°C temperature range. 


connection diagrams 1 




Note: Pin 4 connected to case. 

*Pin connections shown on schematic diagram are for T0-5 package. 
**Unused pin (no internal connection) to allow for input anti-leakage 
guard ring on printed circuit board layout. 

Order Number LM108AH or 
LM208AH or LM308AH 
See Package 1 1 

schematic diagram* 


Note: Pin 6 connected to bottom of package. 


Order Number LM108AF or 
LM208AF or LM308AF 
See Package 3 



Order Number LM308AN 
See Package 20 




Note: Pin 7 connected to bottom of package. 

TOP VIEW 

Order Number LM108AD 
or LM208AD or LM308AD 
See Package 1 



LM108A/LM208A 
absolute maximum ratings 


Supply Voltage ±20V 

Power Dissipation (Note 1) 500 mW 

Differential Input Current (Note 2) ±10 mA 

Input Voltage (Note 3) ±15V 

Output Short-Circuit Duration Indefinite 

Operating Temperature Range LM108A -55°Cto125°C 

LM208A -25°C to 85°C 

Storage Temperature Range -65°C to 1 50°C 

•Lead Temperature (Soldering, 10 sec) 300°C 

electrical characteristics (Note 4) 


compensation circuits 

Standard Compensation Circuit 



" R1 + R2 
= 30 pF 


Alternate* Frequency Compensation 


'Improves rejection of power 
supply noise by a factor of tei 


PARAMETER 

CONDITIONS 

MIN 

TYP 1 

MAX 

UNITS 

Input Offset Voltage 

T a = 25°C 


0.3 

0.5 

mV 

Input Offset Current 

T a = 25° C 


0.05 

0.2 

nA 

Input Bias Current 

T a = 25° C 


0.8 

2.0 

nA 

Input Resistance 

T a = 25°C 

30 

70 



Supply Current 

T a = 25° C 


0.3 

0.6 

mA 

Large Signal Voltage Gain 

T A = 25°C, V s = ±1 5V 

V O ut = ± 10V, R L >10k£2 

80 

300 


V/mV 

Input Offset Voltage 




1.0 

mV 

Average Temperature 
Coefficient of Input 

Offset Voltage 



1.0 

5.0 

/iV/°C 

Input Offset Current 




0.4 

nA 

Average Temperature 
Coefficient of Input 

Offset Current 



0.5 

2.5 

pA/°C 

Input Bias Current 




3.0 

nA 

Supply Current 

T a = +125°C 


0.15 

0.4 

mA 

Large Signal Voltage Gain 

V s = +15V, Vqut = ±10V 
R L > 10 kn 

40 



V/mV 

Output Voltage Swing 

V s = ±15V, R l = 10 kft 

±13 

±14 


V 

Input Voltage Range 

V S = ±15V 

±13.5 



V 

Common Mode Rejection 
Ratio 


96 

110 


dB 

Supply Voltage Rejection 
Ratio 


96 

110 


dB 


Note 1: The maximum junction temperature of the LM108A is 150 C, while that of the LM208A is 
100 C. For operating at elevated temperatures, devices in the TO-5 package must be derated based on 
a thermal resistance of 150 C/W, junction to ambient, or 45 C/W, junction to case. For the flat 
package, the derating is based on a thermal resistance of 185 C/W when mounted on a 1 /16-inch-thick 
epoxy glass board with ten, 0.03-inch-wide, 2-ounce copper conductors. The thermal resistance of the 
dual-in-line package is 100 C/W, junction to ambient. 

Note 2: The inputs are shunted with back-to-back diodes for overvoltage protection. Therefore, 
excessive current will flow if a differential input voltage in excess of IV is applied between the inputs 
unless some limiting resistance is used. 

Note 3: For supply voltages less than ±15V, the absolute maximum input voltage is equal to the 
supply voltage. 

Note 4: These specifications apply for ±5V < V s <±20V and -55°C <T A < 125°C, unless other- 
wise specified. With the LM208A, however, all temperature specifications are limited to 
-25°C <T a <85°C. 
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LM108A/LM208A/LM308A 











LM108A/LM208A/LM308A 


LM308A 

absolute maximum ratings 

Supply Voltage ±18V 

Power Dissipation (Note 1) 500 mW 

Differential Input Current (Note 2) ±10 mA 

Input Voltage (Note 3) ±15V 

Output Short-Circuit Duration Indefinite 

Operating Temperature Range 0°C to 70°C 

Storage Temperature Range -65°C to 1 50°C 

Lead Temperature (Soldering, 10 sec) 300°C 

electrical characteristics (Note 4) 


PARAMETER 




Input Offset Voltage 

T a = 25°C 

Input Offset Current 

T a = 25° C 

Input Bias Current 

T a = 25° C 

Input Resistance 

T a = 25° C 

Supply Current 

T a = 25°C, V s = ±15V 

Large Signal Voltage Gain 

T A = 25° C, V s = ±15V 

V OU t = ±10V, R L > 10k£2 

Input Offset Voltage 


Average Temperature 
Coefficient of Input 

Offset Voltage 


Input Offset Current 


Average Temperature 
Coefficient of Input 

Offset Current 


Input Bias Current 


Large Signal Voltage Gain 

V s = ±15V, Vqut = ±10V 
R l > lOkft 

Output Voltage Swing 

V S = ±15V, R l = lOkft 

Input Voltage Range 

V S = ±15V 

Common Mode Rejection 
Ratio 


Suppiy Voltage Rejection 


Ratio 



Note 1: The maximum junction temperature of the LM308A is 85 C. For operating at elevated tem- 
peratures, devices in the TO-5 package must be derated based on a thermal resistance of 150 C/W, 
junction to ambient, or 45 C/W, junction to case. For the flat package, the derating is based on a 
thermal resistance of 185 C/W when mounted on a 1/16-inch-thick epoxy glass board with ten, 
0.0^inch-wide, 2-ounce copper conductors. The thermal resistance of the dual-in-line package is 
100 C/W, junction to ambient. 

Note 2: The inputs are shunted with back-to-back diodes for overvoltage protection. Therefore, 
excessive current will flow if a differential input voltage in excess of IV is applied between the inputs 
unless some limiting resistance is used. 

Note 3: For supply voltages less than ±15V, the absolute maximum input voltage is equal to the 
supply voltage. 

Note 4 : These specifications apply for ±5V < V S <±15V and 0°C<T A <70 C, unless otherwise 
specified. 
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IMS Operational Amplifiers 


LM110/LM210 voltage follower 
general description 

The LM110 and LM210 are monolithic opera- 
tional amplifiers internally connected as unity- 
gain non-inverting amplifiers. They use super- 
gain transistors in the input stage to get low 
bias current without sacrificing speed. Directly 
interchangeable with 101, 741 and 709 in voltage 
follower applications, these devices have internal 
frequency compensation and provision for offset 
balancing. Outstanding characteristics include: 

■ Input current: 10 nA max. over temperature 

■ Small signal bandwidth: 20 MHz 

■ Slew rate: 30V//IS 

■ Supply voltage range: ±5V to ±18V 


The LM110 and LM210 are useful in fast sample 
and hold circuits, active filters or as general- 
purpose buffers. Further, the frequency response 
is enough better than standard 1C amplifiers 
that the followers can be included in the feedback 
loop without introducing instability. They are 
plug-in replacements for the LM102 or LM202 
voltage followers, offering lower offset voltage, 
drift, bias current and noise in addition to higher 
speed and wider operating voltage range. 


The LM210 is identical to the LM110, except that 
its performance is specified over a -25°C to 85°C 
temperature range instead of -55°C to 125°C. 


schematic* ** and connection diagrams 



Fast Inverting Amplifier with 
High Input Impedance 




Flat Package 



3 OUTPUT 
3 BOOSTER 


Note: Pin 4 connected to case. 

TOP VIEW 

Order Number 
LM110H or LM210H 
See Package 1 1 


Order Number 
LM110F or LM210F 
See Package 3 


Duat-ln-Line 

TT" 


BALANCE 3 — 


:zXA-z 


10 OUTPUT 
BOOSTER 


Order Number LM110D or LM210D 
See Package 1 



Fast Integrator with Low Input Current 


*Pin connections shown are for metal can. 
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LM110/LM210 




LM110/LM210 


absolute maximum ratings 





Supply Voltage ±18V 

Power Dissipation (Note 1) 500 mW 

Input Voltage (Note 2) ±1 5V 

Output Short Circuit Duration (Note 3) Indefinite 

Operating Temperature Range LM110 -55°Cto125°C 

LM210 -25° C to 85°C 

Storage Temperature Range -65°C to 150°C 

Lead Temperature (Soldering, 10 sec) 300°C 




electrical characteristics (Note 4) 





PARAMETER 

CONDITIONS 

MIN 

TYP 

MAX 

UNITS 

Input Offset Voltage 

T a = 25°C 


1.5 

4.0 

mV 

Input Bias Current 

T a = 25°C 


1.0 

3.0 

nA 

Input Resistance 

T a = 25°C 

10 10 

10 12 


n 

Input Capacitance 



1.5 


pF 

Large Signal Voltage 

Gain 

T a = 25°C, V s = ±15V 

Vout = -10V, R l = 8Kfi 

0.999 

0.9997 


V/V 

Output Resistance 

T a = 25°C 


0.75 

2.5 

n 

Supply Current 

T a = 25°C 


3.9 

5.5 

mA 

Input Offset Voltage 




6.0 

mV 

Offset Voltage 

Temperature Drift 

-55°C < T a <85°C 

T a = 125°C 


6 

12 


juV/°C 

/iV/°C 

Input Bias Current 




10 

nA 

Large Signal Voltage 

Gain 

V s =±15V, V OU T =±10V 

R l = 10KH 

0.999 



V/V 

Output Voltage Swing 
(Note 5) 

V s =±15V, R l = lOKft 

±10 



V 

Supply Current 

T a = 125° C 


2.0 

4.0 

mA 

Supply Voltage 

Rejection Ratio 

±5V< V S <±18V 

70 

80 


dB 

Note 1: The maximum junction temperature of the LM110 is 150°C, while that of the LM210 is 
100°C. For operating at elevated temperatures, devices in the TO-5 package must be derated based on 
a thermal resistance of 150°C/W, junction to ambient, or 45°C/W, junction to case. For the flat 
package, the derating is based on a thermal resistance of 185°C/W when mounted on a 1/16-inch- 
thick epoxy glass board with ten, 0.03-inch-wide, 2-ounce copper conductors. The thermal resis- 
tance of the dual-in-line package is 100°C/W, junction to ambient. 



Note 2: For supply voltages less than ±15V, the absolute maximum input voltage i 
supply voltage. 

s equal to the 



Note 3: Continuous short circuit is allowed for case temperatures to 125°C and ambient tempera- 
tures to 70°C. It is necessary to insert a resistor greater than 2kfi in series with the input when the 
amplifier is driven from low impedance sources to prevent damage when the output is shorted. 



Note 4: These specifications apply for ±5V < Vg <±18V and -55°C <T A < 125°C, unless otherwise 
specified. With the LM210, however, all temperature specifications are limited to -25°C <T A <85°C. 



Note 5: Increased output swing under load can be obtained by connecting an external resistor between 
the booster and V" terminals. See curve. 
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OUTPUT SWING (±V) OUTPUT RESISTANCE (fi) VOLTAGE GAIN (V/V) INPUT CURRENT (nA) 


typical performance characteristics 


Output Noise Voltage 


Large Signal Pulse Response 
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Symmetrical Output Swing 
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Power Supply Rejection 


FREQUENCY (Hz) 
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LM110/LM210 




LM110/LM210 


auxiliary circuits 




Offset Balancing Circuit 


J- *May be added to reduce 

internal dissipation. 

Increasing Negative Swing Under Load 


typical applications** (con't) 


LsRI R2C1 
R S = R2 
R P = R1 



Simulated Inductor 



Bandpass Filter 


■ 


Differential Input Instrumentation Amplifier 



° 2ttR 1C1 
= 60 Hz 
R1 = R2 = 2R3 


High Q Notch Filter 


‘Values are for 10 kHz 
- 47i ,r cutoff. Use silvered mics 

. capacitors for good 

temperature stability. 


Low Pass Active Filter 


*Use capacitor with 
polycarbonate teflon 
or polyethylene 
dielectric. 



Sample and Hold 



Buffered Reference Source 


^Teflon, polethylene or poly- 1 * 

carbonate dielectric capacitor. T c , 

‘Worst case drift less than 1" ' “ 

3 mV/sec. ~ 


Low Drift Sample and Hold* 


•Values are for 100 Hz 
cutoff. Use metalized 
polycarbonate 
capacitors for good 
temperature stability. 


High Pass Active Filter 


*Pin connections shown are for metal can. 
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typical applications** (con't) 


vi-VVV-j 

mm ^ • J + 



Comparator for Signals of Opposite Polarity 




Driver for A/D Ladder Network 


Zero Crossing Detector 



Comparator for AC Coupled Signals 


Comparator for A/D Converter 
Using a Binary-Weighted Network 


•Switch substrates are boot-strapped to red 
output capacitance of switch. 


Buffer for Analog Switch* 




High Input Impedance AC Amplifier 



° R1 R5 oi%< 

R3=R4+R5 i 

R1 = R2 

Bilateral Current Source 


■■ 

m 

H 

■ 


m 

'M 


k ii 

j 



Comparator for A/D Converter 
Using a Ladder Network 
*Pin connections shown are for metal can. 



Sine Wave Oscillator 
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LM310 


Operational Amplifiers 


LM310 voltage follower 
general description 


The LM310 is a monolithic operational amplifier 
internally connected as a unity-gain non-inverting 
amplifier. It uses super-gain transistors in the input 
stage to get low bias current without sacrificing 
speed. Directly interchangeable with 301, 74 1C 
and 709C in voltage follower applications, this 
device has internal frequency compensation and 
provision for offset balancing. Outstanding char- 
acteristics include: 

■ Input current: 10 nA max. over temperature 

■ Small signal bandwidth: 20 MHz 


■ Slew rate: 30V/jUs 

■ Supply voltage range: ±5V to ±18V 

The LM310 is useful in fast sample and hold 
circuits, active filters or as a general-purpose buffer. 
Further, the frequency response is enough better 
than standard 1C amplifiers that the follower can 
be included in the feedback loop without intro- 
ducing instability. It is a plug-in replacement for 
the LM302 voltage follower, offering lower offset 
voltage, drift, bias current and noise in addition to 
higher speed and wider operating voltage range. 


schematic** and connection diagrams 





Note: Pin 4 connected to case. 


Note: Pin 5 connected to bottom of package. 


Order Number LM310H Order Number LM310F 
See Package 1 1 See Package 3 


Dual-1 n-Line Package 


Dual-In-Line Package 




Note: Pin 6 connected to bottom of package. 


Order Number LM310D 
See Package 1 


Order Number LM310N 
See Package 20. 


typical applications* 



^Use capacitor with polycarbonate ^ 

teflon or polyethylene dielectric. 

Sample and Hold 


^Teflon, polyethylene or 
polycarbonate dielectric 
capacitor. 



Low Drift Sample and Hold* 


*Pin connections shown are for metal can. 
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absolute maximum ratings 

Supply Voltage 

Power Dissipation (Note 1) 

Input Voltage (Note 2) 

Output Short Circuit Duration (Note 3) 
Operating Temperature Range 
Storage Temperature Range 
Lead Temperature (Soldering, 10 sec) 


electrical characteristics (Note 4) 


PARAMETER 

CONDITIONS 

MIN 

TYP 

MAX 

UNITS 

Input Offset Voltage 

T a = 25° C 


2.5 

7.5 

mV 

Input Bias Current 

T a = 25°C 


2.0 

7.0 

nA 

Input Resistance 

T a = 25°C 

10 10 

10 12 


ft 

Input Capacitance 



1.5 


pF 

Large Signal Voltage 

Gain 

T a = 25°C, V s = ±15V 

Vout =±10V, R l = 8Kft 

0.999 

0.9999 


V/V 

Output Resistance 

T a = 25°C 


0.75 

2.5 

ft 

Supply Current 

T a = 25°C 


3.9 

5.5 

mA 

Input Offset Voltage 




10 

mV 

Offset Voltage 

Temperature Drift 



10 


mv/° c 

Input Bias Current 




10 

nA 

Large Signal Voltage 

Gain 

V S = ±15V, V OU T = -10V 

R L = lOKft 

0.999 



V/V 

Output Voltage Swing 
(Note 5) 

V s = ±15V, R L = lOKft 

±10 



V 

Supply Voltage 

Rejection Ratio 

±5V < V s < ±18V 

70 

80 


dB 


Note 1: The maximum junction temperature of the LM310 is 85°C. For operating at elevated 
temperatures, devices in the TO-5 package must be derated based on a thermal resistance of 150°C/W, 
junction to ambient, or 45°C/W, junction to case. For the flat package, the derating is based on a 
thermal resistance of 185°C/W when mounted on a 1/16-inch-thick epoxy glass board with ten, 
0.03-inch-wide, 2-ounce copper conductors. The thermal resistance of the dual-in-line package is 
100°C/W, junction to ambient. 

Note 2: For supply voltages less than ±15V, the absolute maximum input voltage is equal to the 
supply voltage. 

Note 3: Continuous short circuit is allowed for case temperatures to 70°C and ambient temperatures 
to 55°C. It is necessary to insert a resistor greater than 2 kft in series with the input when the 
amplifier is driven from low impedance sources to prevent damage when the output is shorted. 

Note 4: These specifications apply for ±5V <Vs<±18V and 0°C<T/\<70 o C, unless otherwise 
specified. 

Note 5: Increased output swing under load can be obtained by connecting an external resistor 
between the booster and V - terminals. See curve. 


±18V 
500 mW 
±1 5V 
Indefinite 
0°C to 70° C 
-65° C to 1 50°C 
300°C 
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LM310 




OUTPUT SWING (±V) OUTPUT RESISTANCE (£ 2 ) VOLTAGE GAIN (V/V) p INPUT CURRENT (nA) 



INI 

10M 

100 

Ik 10k 100k 1M 10M 

0 10 20 30 40 50 60 70 80 

FREQUENCY (Hz) 



FREQUENCY (Hz) 

TEMPERATURE < C) 






auxiliary circuits ** 



Offset Balancing Circuit 



typical applications** (con't) 




Fast Inverting Amplifier with 
High Input Impedance 



Fast Integrator with Low Input Current 



Differential Input Instrumentation Amplifier 



Buffered Reference Source 






**Pin connections shown are for metal can. 
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LM310 



LM310 




KIS Operational Amplifiers 


LM112/LM212 operational amplifier 
general description 


The LM112 and LM212 are micropower opera- 
tional amplifiers with very low offset-voltage and 
input-current errors— at least a factor of ten better 
than FET amplifiers over a -55°C to 125°C 
temperature range. Similar to the LM108 series, 
that also use supergain transistors/ they differ in 
that they include internal frequency compensation 
and have provisions for offset adjustment with a 
single potentiometer. 

These amplifiers will operate on supply voltages of 
±2 V to ±20V, drawing a quiescent current of only 
300 juA. Performance is not appreciably affected 
over this range of voltages, so operation from 
unregulated power sources is easily accomplished. 
They can also be run from a single supply like the 
5V used for digital circuits. Some noteworthy 
features are: 

■ Maximum input bias current of 3.0 nA over 
temperature 


■ Offset current less than 400 pA over temper- 
ature 

■ Low noise 

■ Guaranteed drift specifications 

The LM112 series are the first 1C amplifiers to 
improve reliability by including overvoltage pro- 
tection for the MOS compensation capacitor. 
Without this feature, IC's have been known to 
suffer catastrophic failure caused by short- 
duration overvoltage spikes on the supplies. Unlike 
other internally-compensated 1C amplifiers, it is 
possible to overcompensate with an external 
capacitor to increase stability margin. 

The LM212 is identical to the LM1 12, except that 
the LM212 has its performance guaranteed over a 
-25°C to 85°C temperature range instead of 
-55° C to 125°C. 

"Patent pending 


schematic diagram** 


IAIANCE COMPENSATION* 



connection diagrams 

Metal Can 



top view 

Order Number LM112H or LM212H 
See Package 1 1 


Flat Package 



Note: Pin 6 connected to bottom of package. 
Compensation terminal not brought out on 
flat package. 

TOP VIII* 

Order Number LM112F or LM212F 
See Package 3 


auxiliary circuits** 

Offset Balancing 



Overcompensation for Greater Stability 
Margin 



Dual-In-Line 



) OUTPUT 
COMPENSATION 

-I NC 


Note: Pin 7 connected to bottom of package. 

TOP VIEW 

Order Number LM112D or LM212D 
See Package 1 
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LM112/LM212 



LM112/LM212 


absolute maximum ratings 





Supply Voltage 

Power Dissipation (Note 1) 

Differential Input Current (Note 2) 
Input Voltage (Note 3) 

Output Short-Circuit Duration 
Operating Temperature Range LM112 
LM212 

Storage Temperature Range 

Lead Temperature (Soldering, 10 sec) 

±20V 
500 mW 
±10mA 
±15V 
Indefinite 
-55°C to 1 25°C 
-25°C to 85°C 
-65° C to 1 50° C 
300° C 





electrical characteristics (Note 4) 





PARAMETER 

CONDITIONS 

MIN 

TYP 

MAX 

UNITS 

Input Offset Voltage 

T a = 25° C 


0.7 

2.0 

mV 

Input Offset Current 

T a = 25° C 


0.05 

0.2 

nA 

Input Bias Current 

T a - 25° C 


0.8 

2.0 

nA 

Input Resistance 

T a = 25° C 

30 

70 


mi 

Supply Current 

T a = 25° C 


0.3 

0.6 

mA 

Large Signal Voltage Gain 

T a = 25° C, V s = ±15V 

Vout = ±10V. R l > 10 kil 

50 

300 


V/mV 

Input Offset Voltage 




3.0 

mV 

Average Temperature 
Coefficient of Input 
Offset Voltage 



3.0 

15 

juV/°C 

Input Offset Current 




0.4 

nA 

Average Temperature 
Coefficient of Input 
Offset Current 



0.5 

2.5 

pA/°C 

Input Bias Current 




3.0 

nA 

Supply Current 

T a = +125° C 


0.15 

0.4 

mA 

Large Signal Voltage Gain 

V s = ±15V, Vqut = ±10V 
R l > 10 kil 

25 



V/mV 

Output Voltage Swing 

V s = ±1 5V, R l = 10 kil 

±13 

±14 


V 

Input Voltage Range 

V s = ±15V 

±13.5 



V 

Common Mode Rejection 
Ratio 


85 

100 


dB 

Supply Voltage Rejection 
Ratio 


80 

96 


dB 

Note 1: The maximum junction temperature of the LM112 is 150°C, while that of the LM212 is 

100 C. For operating at elevated temperatures, devices in theTO-5 package must be derated based on 
a thermal resistance of 150°C/W, junction to ambient, or 45°C/W, junction to case. For the flat 
package, the derating is based on a thermal resistance of 185°C/W when mounted on a 1 /16-inch-thick 
epoxy glass board with ten, 0.03-inch-wide, 2-ounce copper conductors. The thermal resistance of the 
dual-in-line package is 100 C/W, junction to ambient. 

Note 2: The inputs are shunted with shunt diodes for overvoltage protection. Therefore, excessive 
current will flow if a differential input voltage in excess of IV is applied between the inputs unless 
some limiting resistance is used. 

Note 3: For supply voltages less than ±15V, the absolute maximum input voltage is equal to the 
supply voltage. 

Note 4: These specifications apply for ±5V < V s < ±20V and -55°C < T A < 125°C, unless other- 
wise specified. With the LM212, however, all temperature specifications are limited to 
-25 C <T a <85 C. 
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VOLTAGE GAIN (dB) VOLTAGE GAIN (dB) INPUT NOISE (nVA/Hz) INPUT CURRENT (nA) 
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LM312 


KIS Operational Amplifiers 


LM312 operational amplifier 
general description 

The LM312 is a micropower operational amplifier 
with very low offset voltage and input-current 
errors-approaching that of FET amplifiers over its 
operating temperature range. Similar to the LM308 
series, that also uses supergain transistors^, it dif- 
fers in that it includes internal frequency compen- 
sation and has provisions for offset adjustment 
with a single potentiometer. 

This amplifier will operate on supply voltages of 
±2 V to ±20V, drawing a quiescent current of only 
300 /iA. Performance is not appreciably affected 
over this range of voltages, so operation from 
unregulated power sources is easily accomplished. 
It can also be run from a single supply like the 5V 
used for digital circuits. Some noteworthy features 
are: 

■ Maximum input bias current of 7.0 nA 

■ Offset current less than 1.0 nA 

■ Low noise 

■ Guaranteed drift specifications 


The LM312 series is the first 1C amplifier to im- 
prove reliability by including overvoltage protec- 
tion for the MOS compensation capacitor. Without 
this feature, IC's have been known to be sensitive 
to catastrophic failure caused by short-duration 
overvoltage spikes on the supplies. Unlike other 
internally-compensated 1C amplifiers, it is possible 
to overcompensate with an external capacitor to 
increase stability margin. 

The low current error of the LM312 makes 
possible many designs that are not practical with 
conventional amplifiers. In fact, it operates from 
10 source resistances, introducing less error 
than devices like the 709C with 10 k£7 sources. 
Integrators with worst case drifts less than 1 mV/ 
sec and analog time delays in excess of one hour 
can be made using capacitors no larger than 1 n F. 
The device is well suited for use with piezo-electric, 
electrostatic or other capacitive tranducers, in 
addition to low frequency active filters with small 
capacitor values. 

’•‘Patent pending 


schematic diagram** 


BALANCE COMPENSATION* 



connection diagrams 


Metal Can 



TOP VIEW 


Order Number LM312H 
See Package 1 1 


Flat Package 



Note: Pin 6 connected to bottom of package. 
Compensation terminal not brought out on 
flat package. 

TOP VIEW 

Order Number LM312F 
See Package 3 


auxiliary circuits** 

Offset Balancing 



Overcompensation for Greater Stability 
Margin 



Dual-In-Line 



Note: Pin 7 connected to bottom of package. 

TOP VIEW 

Order Number LM312D 
See Package 1 


2-164 



absolute maximum ratings 





Supply Voltage ±18V 

Power Dissipation (Note 1) 500 mW 

Differential Input Current (Note 2) ±10 mA 

Input Voltage (Note 3) ±15V 

Output Short-Circuit Duration Indefinite 

Operating Temperature Range 0°C to 70°C 

Storage Temperature Range -65°C to 150°C 

Lead Temperature (Soldering, 10 sec) 300°C 




electrical characteristics (Note 4) 





PARAMETER 

CONDITIONS 

MIN 

TYP 

MAX 

UNITS 

Input Offset Voltage 

T a = 25° C 


2.0 

7.5 

mV 

Input Offset Current 

T a = 25° C 


0.2 

1 

nA 

Input Bias Current 

T a = 25° C 


1.5 

7 

nA 

Input Resistance 

T a = 25° C 

10 

40 


MS2 

Supply Current 

T a = 25°C, V s = ±1 5V 


0.3 

0.8 

mA 

Large Signal Voltage 

Gain 

T a = 25°C, V s = ±1 5V 

Vout = ±10V. R L > 10 k£2 

25 



V/mV 

Input Offset Voltage 




10 

mV 

Average Temperature 
Coefficient of Input 

Offset Voltage 



6.0 

30 

pV/°C 

Input Offset Current 




1.5 

nA 

Average Temperature 
Coefficient of Input 

Offset Current 



2.0 

10 

pA/°C 

Input Bias Current 




10 

nA 

Large Signal Voltage 

Gain 

V s = ±15V, V OUT = ±10V 

R l > 10 kil 

15 



V/mV 

Output Voltage Swing 

V s = ±15V, R l = lOktt 

±13 

±14 


V 

Input Voltage Range 

V s = ±15V 

±14 



V 

Common Mode 

Rejection Ratio 


80 



dB 

Supply Voltage 

Rejection Ratio 


80 

96 


dB 

Note 1: The maximum junction temperature of the LM312 is 85°C. For operating at elevated tem- 
peratures, devices in the TO-5 package must be derated based on a thermal resistance of 150 C/W, 
junction to ambient, or 45 C/W, junction to case. For the flat package, the derating is based on a 
thermal resistance of 185 C/W when mounted on a 1 /16-inch-thick epoxy glass board with ten, 

0.03-inch-wide, 2-ounce copper conductors. The thermal resistance of the dual-in-line package is 

1 00 C/W, junction to ambient. , 

Note 2: The inputs are shunted with shunt diodes for overvoltage protection. Therefore, excessive 
current will flow if a differential input voltage in excess of IV is applied between the inputs unless 
some limiting resistance is used. 

Note 3: For supply voltages less than ±15V, the absolute maximum input voltage is equal to the 
supply voltage. 

Note 4: These specifications apply for ±5V < Vg^ilSV and 0 C<CT a <70 C, unless otherwise 
specified. 
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typical performance characteristics 
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Operational Amplifiers 


LM216/LM216A/LM316/LM316A 
general description 

These devices are precision, high input impedance 
operational amplifiers designed for applications 
requiring extremely low input-current errors. They 
use supergain transistors in a Darlington input 
stage to get input bias currents that are equal to 
high-quality FET amplifiers— even in limited tem- 
perature range operation. The low input current is, 
however, obtained with some sacrifice to offset 
voltage, offset voltage drift and noise when com- 
pared to the non-Darlington LM112 series. Note- 
worthy specifications include: 

■ Guaranteed bias currents as low as 50 pA 

■ Maximum offset currents down to 15 pA 

■ Operates from supplies of ±3V to ±20V 

■ Supply current only 300 /iA at ±20V 

These operational amplifiers are internally fre- 
quency compensated and have provisions for offset 
balancing with a single external potentiometer. 

schematic diagram 


operational amplif ier 


Further, unlike most other internally compensated 
amplifiers, the MOS compensation capacitor is 
protected to prevent catastrophic failure from 
overvoltage spikes on the supplies. 

The low current error of these amplifiers make 
possible many designs that were previously im- 
practical with monolithic amplifiers. They will 
operate from 100 source resistances, intro- 
ducing less error than general purpose amplifiers 
with 10kl2 sources. Integrators with worst case 
drifts less than 10/iV/sec and analog time delays in 
excess of one day can also be made using capa- 
citors no larger than 1 juF. 

The LM216A and LM316A are high performance 
versions of the LM216 and LM316. The LM216 
and LM216A are specified for operation from 
-25° C to 85° C, while the LM316 and LM316A 
are specified from 0°C to 55°C. 



**Pin connections shown are for metal can. 

connection diagrams 

Metal Can 


auxiliary circuits* 

Overcompensation for Greater 
Stability Margin 



Offset Balancing 







Order Number LM216H or 
LM216AH or LM316H or 
LM316AH 
See Package 1 1 


Note: Pin 6 connected to bottom of package. 


Compensation terminal not brought out 01 
flat package. 


Order Number LM216F or 
LM216AF or LM316F or 
LM316AF 
See Package 3 



Note: Pin 7 connected to bottom of package. 

TOP VIEW 

Order Number LM216D 
or LM216AD or LM316D 
or LM316AD 
See Package 1 
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LM216/LM216A/LM316/LM316A 




LM216/LM216A/LM316/LM316A 


absolute maximum ratings 

Supply Voltage ±20V 

Power Dissipation (Note 1) 500 mW 

Differential Input Current (Note 2) ±10 mA 

Input Voltage (Note 3) ±15V 

Output Short-Circuit Duration Indefinite 

Operating Temperature Range LM216/LM216A -25°Cto85°C 

LM316/LM316A 0°Cto70°C 

Storage Temperature Range -65°C to 150°C 

Lead Temperature (Soldering, 10 sec) 300°C 


electrical characteristics (Note 4) 


PARAMETER 

CONDITIONS 

LM216 

LM216A 

LM316 

LM316A 

UNITS 

Input Offset Voltage 

T a = 25°C 

10 

3 

10 

3 

mV 

Input Offset Current 

T a = 25°C 

50 

15 

50 

15 

PA 

Input Bias Current 

T a = 25°C 

150 

50 

150 

50 

PA 

Input Resistance 

T a = 25°C 

1 

5 

1 

5 

Gft 

Supply Current 

T a = 25°C 

0.8 

0.6 

0.8 

0.6 

mA 

Large Signal Voltage Gain 

T A = 25°C, V s = ±15V 

Vout = ± 10V, R l > 10k£2 

20 

40 

20 

40 

V/m V 

Input Offset Voltage 


15 

6 

15 

6 

mV 

Input Offset Current 


100 

30 

100 

30 

PA 

Input Bias Current 


250 

100 

250 

100 

PA 

Supply Current 

Ta = Tmax 


0.5 


0.5 

mA 

Large Signal Voltage Gain 

V s = ±15V, Vqut = ±10V 
R L > 10k£2 

10 

20 

15 

30 

V/mV 

Output Voltage Swing 

V S = ±15V, R l = 10 k£2 

±13 

±13 

±13 

±13 

V 

Input Voltage Range 

V s = ±1 5V 

±13 

±13 

±13 

±13 

V 

Common Mode Rejection Ratio 


80 

80 

80 

80 

dB 

Supply Voltage Rejection Ratio 


80 

80 

80 

80 

dB 


Notel: The maximum junction temperature of the LM216 and LM21 6A is 100°C, while that of the 
LM316 and LM316A is 70°C. For operating at elevated temperatures, devices in the TO-5 package 
must be derated based on a thermal resistance of 150°C/W, junction to ambient, or 45°C/W, junction 
to case. For the flat package, the derating is based on a thermal resistance of 185°C/W when mounted 
on a 1/1 6-inch-thick epoxy glass board with ten, 0.03-inch-wide, 2-ounce copper conductors. The 
thermal resistance of the dual-in-line package is 100°C/W, junction to ambient. 

Note 2: The inputs are shunted with back-to-back diodes for overvoltage protection. Therefore, 
excessive current will flow if a differential input voltage in excess of IV is applied between the inputs 
unless some limiting resistance is used. 

Note 3: For supply voltages less than ±15V, the absolute maximum input voltage is equal to the 
supply voltage. 

Note 4: These specifications apply for ±5V < Vs <±20V and -25°C <T A <85°C, unless otherwise 
specified. With the LM316 and LM316A however, Til temperature specifications are limited to 0°C< 
T A < 55°C. 
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INPUT NOISE (nV/v/Hz) 

VOLTAGE GAIN (dB) VOLTAGE GAIN (dB) - - INPUT CURRENT (pA) 


typical performance characteristics 
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LM118/LM218 



Operational Amplifiers 


LM118/LM218 operational amplifier 
general description 


The LM118 and LM218 are precision high speed 
operational amplifiers designed for applications 
requiring wide bandwidth and high slew rate. They 
feature a factor of ten increase in speed over gen- 
eral purpose devices without sacrificing DC per- 
formance. 

features 

■ 15 MHz small signal bandwidth 

■ Guaranteed 50V //is slew rate 

■ Maximum bias current of 250 nA 

■ Operates from supplies of ±5V to ±20V 

■ Internal frequency compensation 

■ Input and output overload protected 

■ Pin compatible with general purpose op amps 

The LM1 18 has internal unity gain frequency com- 
pensation. This considerably simplifies its applica- 
tion since no external components are necessary 
for operation. However, unlike most internally 


compensated amplifiers, external frequency com 
pensation may be added for optimum performance 
For inverting applications, feedforward compen 
sation will boost the slew rate to over 150V///S 
and almost double the bandwidth. Overcompensa- 
tion can be used with the amplifier for greater 
stability when maximum bandwidth is not needed. 
Further, a single capacitor can be added to reduce 
the 0. 1% settling time to under 1 /is. 

The high speed and fast settling time of these op 
amps make them useful in A/D converters, oscil- 
lators, active filters, sample and hold circuits, or 
general purpose amplifiers. These devices are easy 
to apply and offer an order of magnitude better 
AC performance than industry standards such as 
the LM709. 

The LM218 is identical to the LM1 18 except that 
the LM218 has its performance specified over a 
-25°C to 85°C temperature range, instead of 
-55°C to 125°C. 


schematic and connection diagrams 


Metal Can Package 



*Pin connections shown on schematic diagram and typical applications are 
for TO-5 package. 

typical applications 




Order Number LM118H or LM218H 
See Package 1 1 


Flat Package 



Order Number LM118F or LM218F 
See Package 3 


Dual-In-Line Package 



17 COMPENSATION- 7 


Order Number LM118D or LM218D 
See Package 1 
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absolute maximum ratings 


Supply Voltage 
Power Dissipation (Note 1) 
Differential Input Current (Note 2) 
Input Voltage (Note 3) 

Output Short-Circuit Duration 
Operating Temperature Range LM118 
LM218 

Storage Temperature Range 

Lead Temperature (Soldering, 10 sec) 


±20V 
500 mW 
±10 mA 
±15V 
Indefinite 
-55°C to 125°C 
-25°C to 85°C 
-65°C to 150°C 
300°C 


electrical characteristics (Note 4) 


PARAMETER 

CONDITIONS 

MIN 

TYP 

MAX 

UNITS 

Input Offset Voltage 

T a = 25°C 


2 

4 

mV 

Input Offset Current 

T a = 25°C 


6 

50 

nA 

Input Bias Current 

T a = 25°C 


120 

250 

nA 

Input Resistance 

T a = 25°C 

1 

3 


MH 

Supply Current 

T a = 25°C 


5 

8 

mA 

Large Signal Voltage Gain 

T a = 25°C, V s = ±15V 

V OU T = ±10V, R L > 2 kS7 

50 

200 


V/mV 

Slew Rate 

T A = 25°C, V S = ±15V, A v = 1 

50 

70 


V/jus 

Small Signal Bandwidth 

T A = 25°C, V s = ±15V 


15 


MHz 

Input Offset Voltage 




6 

mV 

Input Offset Current 




100 

nA 

Input Bias Current 




500 

nA 

Supply Current 

T A = + 125° C 


4.5 

7 

mA 

Large Signal Voltage Gain 

V s = ±15V, V OUT = ±10V 

R l >2 k<T2 

25 



V/mV 

Output Voltage Swing 

V s = ±1 5V, R l = 2 kf2 

±12 

±13 


V 

Input Voltage Range 

V s = ±15V 

±11.5 



V 

Common Mode Rejection Ratio 


80 

100 


dB 

Supply Voltage Rejection Ratio 


70 

80 


dB 


Note 1: The maximum junction temperature of the LM118 is 150°C, while that of the LM218 is 
100°C. For operating at elevated temperatures, devices in the TO-5 package must be derated based on 
a thermal resistance of 150°C/W, junction to ambient, or 45°C/W, junction to case. For the flat pack- 
age, the derating is based on a thermal resistance of 185°C/W when mounted on a 1 /1 6-inch-thick 
epoxy glass board with ten, 0.03-inch-wide, 2-ounce copper conductors. The thermal resistance of the 
dual-in-line package is 100° C/W, junction to ambient. 

Note 2: The inputs are shunted with back-to-back diodes for overvoltage protection. Therefore, 
excessive current will flow if a differential input voltage in excess of IV is applied between the inputs 
unless some limiting resistance is used. 

Note 3: For supply voltages less than ±15V, the absolute maximum input voltage is equal to the 
supply voltage. 

Note 4: These specifications apply for ±5V < Vg < ±20V and -55°C < T/^ < 125°C, unless other- 
wise specified. With the LM218, however, all temperature specifications are limited to -25°C < T^ < 
85°C. Also, power supplies must be bypassed with 0.1 n F disc capacitors. 
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/LM218 







LM118/LM218 


typical performance characteristics 


Input Current 



TEMPERATURE (C) 


Voltage Gain 



5 10 15 20 

SUPPLY VOLTAGE UV) 



Input Noise Voltage 



10 100 Ik 10k 100k 

FREQUENCY (Hz) 


Common Mode Rejection 



100 Ik 10k 100k 1M 10M 

FREQUENCY (Hz) 


Supply Current 



5 10 15 20 

SUPPLY VOLTAGE (±V) 


Closed Loop Output 
Impedance 



10 100 Ik 10k 100k 1M 

FREQUENCY (Hz) 


Current Limiting 


_ ^ 



V s = 

±15V 










T a = 25° 

r 

c 



T a = 

125°C 



















ZI 




0 5 10 15 20 25 

OUTPUT CURRENT (mA) 


Input Current 



-0.8 -0.6 -0.4 -0.2 0 0.2 0.4 0.6 0.8 

DIFFERENTIAL INPUT (V) 


Unity Gain Bandwidth 



-55 -35 -15 5 25 45 65 85 105 125 
TEMPERATURE (°C) 


Voltage Follower Slew Rate 

130 

120 
110 

^ 100 
| 90 

80 
70 
60 

-55 -35 -15 5 25 45 65 85 105 125 
TEMPERATURE (°C) 


Inverter Settling Time 



TIME (ms) 



i r 

POSITIVE 

rr 

SLEW 






1 — | 


































__ 


N 

:ga' 

IVE 

SLE 

W 


Vs 

= ±1! 

5 V 







n s - n, .u 

C f = 5 pF 

1 1 1 
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typical performance characteristics (con't) 


Large Signal Frequency 
Response 



0.5M 1M 2M 5M 10M 20M 50M 


Open Loop Frequency 
Response 



FREQUENCY (Hz) 


FREQUENCY (Hz) 


Voltage Follower Pulse 
Response 



-0.2 0.2 0.6 1.0 1.4 1.8 

TIME (ms) 


Large Signal Frequency 
Response 



1M 3M 10M 30M 100M 

FREQUENCY (Hz) 


Open Loop Frequency 
Response 




-0.1 0.1 0.3 0.5 0.7 0.9 

TIME (ms) 


auxiliary circuits 




Feedforward Compensation for Greater Compensation for Minimum 

Inverting Slew Rate* Settling* Time 



Offset Balancing 



Isolating Large Capacitive Loads 



Overcompensation 
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LM118/LM218 



LM118/LM218 




Operational Amplifiers 


LM318 operational amplifier 
general description 

The LM318 is a precision high speed operational 
amplifier designed for applications requiring wide 
bandwidth and high slew rate. It features a factor 
of ten increase in speed over general purpose 
devices without sacrificing DC performance. 

features 

■ 15 MHz small signal bandwidth 

■ Guaranteed 50V //is slew rate 

■ Maximum bias current of 500 nA 

■ Operates from supplies of ±5V to ±20V 

■ Internal frequency compensation 

■ Input and output overload protected 

■ Pin compatible with general purpose op amps 

The LM318 has internal unity gain frequency com- 
pensation. This considerably simplifies its applica- 
tion since no external components are necessary 


for operation. However, unlike most internally 
compensated amplifiers, external frequency com- 
pensation may be added for optimum performance. 
For inverting applications, feedforward compen- 
sation will boost the slew rate to over 150V///S 
and almost double the bandwidth. Overcompensa- 
tion can be used with the amplifier for greater 
stability when maximum bandwidth is not needed. 
Further, a single capacitor can be added to reduce 
the 0.1% settling time to under 1 /is. 

The high speed and fast settling time of these op 
amps make them useful in A/D converters, oscil- 
lators, active filters, sample and hold circuits, or 
general purpose amplifiers. These devices are easy 
to apply and offer an order of magnitude better 
AC performance than industry standards such as 
the LM709. 

The LM318 is specified for operation over 0°C 
to 70°C. 


schematic diagram and typical application 




Gain s for 1.5K < R„ < 200K 


Instrumentation Amplifier 


connection diagrams 


Metal Can Package* 


Dual-ln-Line Package 


Dual-In-Line Package 


*Pin connections shown on schematic 
diagram and typical applications are for 
TO-5 package. 

Order Number LM318H 
See Package 1 1 




Order Number LM318N 
See Package 20 


Order Number LM318D 
See Package 1 


318 




LM318 


absolute maximum ratings 





Supply Voltage ±20V 

Power Dissipation (Note 1) 500 mW 

Differential Input Current (Note 2) ±10 mA 

Input Voltage (Note 3) ±15V 

Output Short-Circuit Duration Indefinite 

Operating Temperature Range 0°C to 70°C 

Storage Temperature Range -65°C to 150°C 

Lead Temperature (Soldering, 10 sec) 300° C 




electrical characteristics (Note 4) 





PARAMETER 

CONDITIONS 

MIN 

TYP 

MAX 

UNITS 

Input Offset Voltage 

T a = 25°C 


4 

10 

mV 

Input Offset Current 

T a = 25°C 


30 

200 

nA 

Input Bias Current 

T a = 25°C 


150 

500 

nA 

Input Resistance 

T a = 25°C 

0.5 

3 


Mft 

Supply Current 

T a = 25°C 


5 

10 

mA 

Large Signal Voltage Gain 

T A = 25°C, V s = ±15V 

V O ut = ± 10V, R L > 2 kft 

25 

200 


V/mV 

Slew Rate 

T a = 25°C, V s = ±15V, A v = 1 

50 

70 


V/jus 

Small Signal Bandwidth 

T a = 25°C, V s = ±15V 


15 


MHz 

Input Offset Voltage 




15 

mV 

Input Offset Current 




300 

nA 

Input Bias Current 




750 

nA 

Large Signal Voltage Gain 

V s = ±15V, V OUT = ±10V 

R L >2 k£2 

20 



V/mV 

Output Voltage Swing 

V s = ±15V, R l = 2 kft 

±12 

±13 


V 

Input Voltage Range 

V s = ±1 5V 

±11.5 



V 

Common Mode Rejection Ratio 


70 

100 


dB 

Supply Voltage Rejection Ratio 


65 

80 


dB 

Note 1: The maximum junction temperature of the LM318 is 85°C. For operating at elevated temperatures, devices in the 

TO-5 package must be derated based on a thermal resistance of 150°C/W, junction to ambient, or 45°C/W, junction to case. 

The thermal resistance of the dual-in-line package is 100°C/W, junction to ambient. 

Note 2: The inputs are shunted with back-to-back diodes for overvoltage protection. Therefore, excessive current will flow if 
a differential input voltage in excess of IV is applied between the inputs unless some limiting resistance is used. 

Note 3: For supply voltages less than ±15V, the absolute maximum input voltage is equal to the supply voltage. 

Note 4: These specifications apply for ±5V < V§ < ±20V and 0°C < T/^ < 70°C, unless otherwise specified. For proper 
operation, the power supplies must be bypassed with 0.1 nF disc capacitors. 
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LM318 


typical performance characteristics (con't) 


Large Signal Frequency 
Response 



0.5M 1M 2M 5M 10M 20M 50M 

FREQUENCY (Hz) 


Open Loop Frequency 
Response 



225 

180 2 
> 

135 ™ 

J> 

n 

90 ~ 
45 S 
0 


10 100 Ik 10k 100k 1M 10M 100M 


FREQUENCY (Hz) 


Voltage Follower Pulse 
Response 



-0.2 0.2 0.6 1.0 1.4 1.8 

TIME (jjs) 


Large Signal Frequency 



1M 3M 10M 30M 100M 


FREQUENCY (Hz) 


Open Loop Frequency 
Response 



10 100 Ik 10k 100k 1M 10M 100M 


Inverter Pulse Response 



-0.1 0.1 0.3 0.5 0.7 0.9 


FREQUENCY (Hz) 


TIME (jus) 


auxiliary circuits 




Feedforward Compensation for Greater 
Inverting Slew Rate* 


Compensation for Minimum 
Settling^ Time 



Offset Balancing 



Isolating Large Capacitive Loads 



Overcompensation 
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LM318 





LM121/LM221/LM321 


Operational Amplifiers 


LY1S 

LM121/LM221/LM321 precision 
general description 

The LM121 series are precision preamplifiers 
designed to operate with general purpose opera- 
tional amplifiers to drastically decrease DC errors. 
Drift, bias current, common mode and supply 
rejection are more than a factor of 10 better than 
standard op amps alone. Further, the added DC 
gain of the LM121 decreases the closed loop gain 
error. 

The LM121 operates with supply voltages from 
±3V to ±20V and has sufficient supply rejection 
to operate from unregulated supplies. The operat- 
ing current is programmable from 5 m A to 200^A 
so bias current, offset current, gain and noise can 
be optimized for the particular application while 
still realizing very low drift. Super-gain transistors 
are used for the input stage so input error currents 
are lower than conventional amplifiers at the same 
operating current. Further, the initial offset voltage 
is easily nulled to zero. 

advantages 

■ Permits optimization of general purpose op amps 

■ Replaces many specialized op amps 

features 

■ Guaranteed drift less than l£tV/°C when nulled 

■ Offset voltage less than 0.7 mV 


preamplifier 

■ Bias current less than 10 nA at 10/iA operating 
current 

■ CMRR 120dB minimum 

■ 1 1 4 dB supply rejection 

■ Easily nulled offset voltage 

The extremely low drift of the LM121 will improve 
accuracy on almost any precision DC circuit. For 
example, instrumentation amplifier, strain gauge 
amplifiers and thermocouple amplifiers now using 
chopper amplifiers can be made with the LM121. 
The full differential input and high common mode 
rejection are another advantage over choppers. For 
applications where low bias current is more impor- 
tant than drift, the operating current can be re- 
duced to low values. High operating currents can 
be used for low voltage noise with low source 
resistance. The programmable operating current of 
the LM121 allows tailoring the input character- 
istics to match those of specialized op amps. 

The LM121 is specified over a -55°C to 125°C 
temperature range, the LM221 over a -25°C to 
85° C range and the LM321 over a 0°C to 70°C 
temperature range. 

A lower drift version of the LM121 - the LM121 A 
series — is available for applications requiring 
0.2/nV/°C offset voltage drift. 


schematic and connection diagrams 



Dual-In-Line Package 

T T 


Metal Can Package 





Note: Pin 7 connected to bottom of package. 

TOP VIEW 


Note: Pm 4 connected to case. 


Order Number LM121D, Order Number LM121H, 
LM221D or LM321D LM221H or LM321H 

See Package 1 See Package 1 1 

Flat Package 


3 BALANCE 
3 BALANCE 


Note: Pin 6 connected to bottom of package. 

TOP VIEW 

Order Number LM121F, 
LM221F or LM321F 
See Package 3 

Note: Outputs are inverting from 
the input of the same number. 
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absolute maximum 

ratings 





Supply Voltage 

±20V 





Power Dissipation (Note 1) 

500mV\ / 





Differential Input Voltage (Notes 2, 3) ±15V 





Input Voltage (Note 3) 
Operating Temperature Range 

±1 5 V 





LM121 

— 55°C to 125°C 





LM221 

— 25°C to 85°C 





LM321 

0°C to 70° C 





Storage Temperature Range 

— 65°C to 1 50°C 





Lead Temperature (Soldering, 10 sec) 300°C 

electrical characteristics (Note 4) 





PARAMETER 

CONDITIONS 

LM121 

LM221 

LM321 

UNITS 


T a = 25° C 





Input Offset Voltage 

6.4k < R Set < 70k 

0.7 

1.5 

mV 

Max 

Input Offset Current 

T a = 25° C R Set = 70k 

1 

2 

nA 

Max 

Rset = 6.4k 

10 

20 

nA 

Max 

Input Bias Current 

T a = 25°C R Set = 70k 

10 

18 

nA 

Max 

R Set = 6.4k 

100 

180 

nA 

Max 

Input Resistance 

T a = 25° C R Set = 70k 

4 

2 


Min 

Rset = 6.4k 

0.4 

0.2 

M£2 

Min 

Supply Current 

T a = 25° C 

1.5 

2.2 

mA 

Max 

Input Offset Voltage 

6.4k < R Set = 70k 

1 

2.5 

mV 

Max 

Input Bias Current 

Rset = 70k 

30 

28 

nA 

Max 

Rset = 6.4k 

300 

280 

nA 

Max 


R Qot = 70k 

3 

4 

nA 

Max 

Input Offset Current 




Rset - 6.4k 

30 

40 

nA 

Max 

Average Temperature Coefficient 

R s < 200H 6.4k < R Set < 70k 

1 

1 

juV/°C 

Max 

of Input Offset Voltage 

Offset Voltage Nulled 



Supply Current 


2.5 

3.5 

mA 

Max 

Input Voltage Range 

V s = ±1 5V R S et = 70k 

±13 

±13 

V 

Min 



+7 

+7 

V 

Min 


Rset = 6.4k (Note 5) 

-13 

-13 


R Set = 70k 

Rset = 6.4k 

120 

114 

dB 

Min 

Common Mode Rejection Ratio 

114 

114 

dB 

Min 

Supply Voltage Rejection Ratio 

R S et = 70k 

Rset = 6.4k 

120 

114 

dB 

Min 

114 

114 

dB 

Min 

Noise 

R Set = 0 

8 

8 

mV/VTlz 

Typ 

Voltage Gain 

T a = 25° C R Set = 70k 

R L > 3 meg 

16 

12 

V/V 

Min 

Note 1: The maximum junction temperature of the LM121 is 150°C, while that of the LM221 is 100°C. The maximum 
junction temperature of the LM321 is 85° C. For operating at elevated temperature, devices in the TO-5 package must be 


derated based on a thermal resistance of 150°C/W, junction to ambient, or 45°C/W, junction to case. For the flat package, 
the derating is based on a thermal resistance of 185°C/W when mounted on a 1 /6-inch-thick epoxy glass board with ten, 
0.03-inch-wide, 2-ounce cooper conductors. The thermal resistance of the dual-in-line package is 100°C/W, junction to ambient. 


Note 2: The inputs are shunted with back-to-back diodes in series with a 500S7 resistor for overvoltage protection. Therefore, 


excessive current will flow if a differential input voltage in excess of IV is applied between the inputs. 




Note 3: For supply voltages less than ± 

15V, the absolute maximum input voltage is equal to the supply voltage. 



Note 4: These specifications apply for 

±5 <Vs< ±20V and -55°C < T A < 125°C, unless otherwise specified. With the 


LM221, however, all temperature specifications are limited to -25°C < T A < 85°C, and for the LM321 the specifications 


apply over a 0°C to 70° C temperature range. 





Note 5: External precision resistors— 0.1 %— can be placed from pins 1 and 8 to 7 to increase positive common mode range. 
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LM121/LM221/LM321 



LM121/LM221/LM321 


typical applications 


Low Drift Op Amp Using the LM121 as a Preamp 


Gain of 1000 Instrumentation Amplifier^ 



Offset adjust. 
t$ee table for 
frequency 
compensation. 


‘Offset adjust, 
t Gain trim. 

+ Better than 1% linearity for input signals up to 
±10 mV gain stability typical ±2% from -55 to 125?C. 


frequency compensation 


Universal Frequency Compensation 

The additional gain of the LM121 preamplifier 
when used with an operational amplifier usually 
necessitates additional frequency compensation. 
When the closed loop gain of the op amp with the 
LM121 is less than the gain of the LM121 alone, 
more compensation is needed. The worst case 
situation is when there is 100% feedback — such 
as a voltage follower or integrator — and the gain 
of the LM121 is high. When high closed loop gains 
are used — for example A v = 1000 — and only 
an addition gain of 200 is inserted by the LM121, 
the frequency compensation of the op amp will 
usually suffice. 

The frequency compensation shown here is designed 
to operate with any unity-gain stable op amp. 
Figure 1 shows the basic configuration of frequency 
stabilizing network. In operation the output of the 
LM121 is rendered single ended by a O.OIjuF 
bypass capacitor to ground. Overall frequency 
compensation then is achieved by an integrating 
capacitor around the op amp. 


Bandwidth at unity gain : 


Alternate Compensation 

The two compensation capacitors can be made 
equal for improved power supply rejection. In this 
case the formula for the compensation capacitor 


10 A cl R Set 

Table 1 shows typical values for the two com- 
pensating capacitors for various gains and operating 
currents. 



for 0.5 MHz bandwidth C = 


10 6 Rset 


This table applies for the LM108, LM101A, 
LM741, LM118. Capacitance is in pF. 

Design equations for the LM121 series: 


Gain A v : 


For use with higher frequency op amps such as 
the LM118 the bandwidth may be increased to 
about 2 MHz. 

If the closed loop gain is greater than unity "C" 
may be decreased by 


Null Pot Value should be 10%ofR s 


Operating Current ' 


Positive Common 
Mode Limit 


' V - 0.6 + 


0.65V X 50k 





Operational Amplifiers 


LM121A/LM221A/LM321A precision preamplifiers 


general description 

The LM121A series are precision preamplifiers designed 
to operate with general purpose operational amplifiers to 
drastically decrease dc errors. Drift, bias current, common 
mode and supply rejection are more than a factor of 50 
better than standard op amps alone. Further, the added 
dc gain of the LM121A decreases the closed loop gain 
error. 

The LM121A operates with supply voltages from ±3V 
to ±20V and has sufficient supply rejection to operate 
from unregulated supplies. The operating current is pro- 
grammable from 5juA to 200/iA so bias current, offset 
current, gain and noise can be optimized for the particu- 
lar application while still realizing very low drift. Super- 
gain transistors are used for the input stage so input error 
currents are lower than conventional amplifiers at the 
same operating current. Further, the initial offset voltage 
is easily nulled to zero. 

advantages 

■ No chopper noise 

■ Allows optimized input characteristics 

■ Improves dc accuracy 


features 

■ Guaranteed drift less than 0.2/iV/°C when nulled 

■ Offset voltage less than 0.4 mV 

■ Bias current less than 10 nA at IOjuA operating current 

■ CMRR 126 dB minimum 

■ 120 dB supply rejection 

■ Easily nulled offset voltage 

The extremely low drift of the LM121A will improve 
accuracy on almost any precision dc circuit. For example, 
instrumentation amplifier, strain gauge amplifiers and 
thermocouple amplifiers now using chopper amplifiers 
can be made with the LM121A. The full differential in- 
put and high common-mode rejection are another 
advantage over choppers. For applications where low bias 
current is more important than drift, the operating cur- 
rent can be reduced to low values. High operating cur- 
rents can be used for low voltage noise with low source 
resistance. The programmable operating current of the 
LM121A allows tailoring the input characteristics to 
match those of specialized op amps. 

The LM121A is specified over a -55°C to +125°C 
temperature range, the LM221A over a~25°C to +85°C 
range and the LM321A over a 0°C to +70°C tempera- 
ture range. 


connection diagrams 

Dual-ln-Line Package 



TOP VIEW 

Order Number LM121AD, 
LM221AD or LM321AD 
See Package 1 


Metal Can Package 


Flat Package 


OUTPUT 1 



Note: Pin 4 connected to case. 

TOP VIEW 

Order Number LM121AH, 
LM221AH or LM321AH 
See Package 11 

Note: Outputs are inverting from 
the input of the same number. 


NOTE: Pin 6 connected to bottom of package. 


TOP VIEW 

Order Number LM121AF, 
LM221AF or LM321AF 
See Package 3 
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LM121A/LM221A/LM321A 




LM121A/LM221A/LM321A 


absolute maximum ratings 

Supply Voltage 

Power Dissipation (Note 1) 

Differential Input Voltage (Notes 2 and 3) 
Input Voltage (Note 3) 

Operating Temperature Range 
LM121A 
LM221A 
LM321A 

Storage Temperature Range 

Lead Temperature (Soldering, 10 seconds) 


±20V 
500 mW 
±15V 
±15V 

-55° C to +125°C 
-25°C to +85°C 
0°C to +70°C 
-65°C to +1 50°C 
300°C 


electrical characteristics (Note 4) 


PARAMETER 

CONDITIONS 

LM121A, LM221A 

LM321A | 

UNITS 

MIN 

TYP 

MAX 

MIN 

TYP 

MAX 

Input Offset Voltage 

T A = 25°C, 

6.4k < R sex < 70k 


0.2 

0.4 


0.2 

0.4 

mV 

Input Offset Current 

T a = 25°C, R SE t = 70k 


0.3 

0.5- 


0.3 

0.5 

nA 


Rset = 6.4k 



5 



5 

nA 

Input Bias Current 

T a = 25°C, R S et = 70k 


5 

10 


5 

15 

nA 


Rset = 6.4k 


50 

100 


50 

150 

nA 

Input Resistance 

T a = 25°C, R set = 70k 

4 

8 


2 

8 


M12 


Rset = 6.4k 

0.4 



0.2 



M12 

Supply Current 

T a = 25°C, R set = 70k 


0.8 

1.5 


0.8 

2.2 

mA 

Input Offset Voltage 

6.4k < R set < 70k 


0.5 

0.65 


0.5 

0.65 

mV 

Input Bias Current 

Rset = 70k 


15 

30 


15 

25 

nA 


Rset = 6.4k 


150 

300 


150 

250 

nA 

Input Offset Current 

Rset = 70k 


0.5 

1 


0.5 

1 

nA 


Rset = 6.4k 


5 

10 


5 

10 

nA 

Input Offset Current 
Drift 

Rset = 70k 


3 



3 


pA/°C 

Average Temperature 

R s < 20012, 6.4k < R SET < 70k 


0.07 

0.2 


0.07 

0.2 

/iV/°C 

Coefficient of Input 
Offset Voltage 

Offset Voltage Nulled 








Long Term Stability 



3 



3 


/iV/yr 

Supply Current 



1 

2.5 


1 

3.5 

mA 

Input Voltage Range 

V s =±15V, R set = 70k 

±13 



±13 



V 


(Note 5) Rset = 6.4k 

+7,-13 



+7,-13 



V 

Common-Mode 

Rset = 70k 

126 

140 


126 

140 


dB 

Rejection Ratio 

Rset = 6.4k 

120 

130 


120 

130 


dB 

Supply Voltage 

Rset = 70k 

120 

126 


118 

126 


dB 

Rejection Ratio 

R set = 6.4k 

114 

120 


114 

120 


dB 

Voltage Gain 

T a = 25°C, R set = 70k 

R L > 3 meg 

16 

20 


12 

20 


V/V 


Note 1 : The maximum junction temperature of the LM121 A is 150°C, while that of the LM221A is 100°C. The maximum junction temperature 
of the LM321A is 85°C. For operating at elevated temperature, devices in the TO-5 package must be derated based on a thermal resistance of 
150°C/W, junction to ambient, or 45°C/W, junction to case. For the flat package, the derating is based on a thermal resistance of 185°C/W when 
mounted on a 1 /6-inch-thick epoxy glass board with ten, 0.03-inch wide, 2-ounce copper conductors. The thermal resistance of the dual-in-line 
package if 100°C/W junction to ambient. 

Note 2: The inputs are shunted with back-to-back diodes in series with a 50012 resistor for overvoltage protection. Therefore, excessive current 
will flow if a differential input voltage in excess of IV is applied between the inputs. 

Note 3: For supply voltages less than ±15V, the absolute maximum input voltage is equal to the supply voltage. 

Note 4: These specifications apply for ±5 < Vg < ±20V and -55°C < T^ < 125°C, unless otherwise specified. With the LM221A, however, all 
temperature specifications are limited to -25°C < T/\ < 85°C, and for the LM321A the specifications apply over a 0°C to 70°C temperature 
range. 

Note 5: External precision resistor— 0.1 %— can be placed from pins 1 and 8 to 7 to increase positive common-mode range. 
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frequency compensation 

UNIVERSAL COMPENSATION 

The additional gain of the LM121A preamplifier when 
used with an operational amplifier usually necessitates 
additional frequency compensation. When the closed 
loop gain of the op amp with the LM121A is less than 
the gain of the LM121A alone, more compensation is 
needed. The worst case situation is when there is 100% 
feedback— such as a voltage follower or integrator— and 
the gain of the LM121A is high. When high closed loop 
gains are used— for example A v = 1000— and only an 
addition gain of 200 is inserted by the LM121 A, the fre- 
quency compensation of the op amp will usually suffice. 

The frequency compensation shown here is designed to 
operate with any unity-gain stable op amp. Figure 1 
shows the basic configuration of frequency stabilizing 
network. In operation the output of the LM121A is 
rendered single ended by a O.OIjuF bypass capacitor to 
ground. Overall frequency compensation then is achieved 
by an integrating capacitor around the op amp. 

12 

Bandwidth at unity-gain s 

2?r RsetC 

4 

for 0.5 MHz bandwidth C = — 

10 6 R set 


For use with higher frequency op amps such as the 
LM1 1 8 the bandwidth may be increased to about 2 MHz. 

If the closed loop gain is greater than unity, "C" may be 
decreased to: 


C = 


4 


10 6 A C l r set 


ALTERNATE COMPENSATION 

The two compensation capacitors can be made equal for 
improved power supply rejection. In this case the for- 
mula for the compensation capacitor is: 

8 

10 6 A CL R S et 

Table I shows typical values for the two compensating 
capacitors for various gains and operating currents. 


TABLE I 


CLOSED 

LOOP 

GAIN 

CURRENT SET RESISTOR 

120 kf2 

60 kfl 

30 ktt 

12 kft 

6kn 

A v = 1 

68 

130 

270 

680 

1300 

> 

< 

15 

27 

56 

130 

270 

> 

< 

o 

10 

15 

27 

68 

130 

A v = 50 

1 

3 

5 

15 

27 

A v = 100 

- 

1 

3 

5 

10 

A v = 500 

- 


1 

1 

3 

A v = 1000 

- 


- 


- 


This table applies for the LM108, LM101A, LM741, 
LM118. Capacitance is in pF. 

DESIGN EQUATIONS FOR THE LM121A SERIES 

1.2 X 10 6 

Gain A v ~ 

r set 

Null Pot Value should be 10% of R SET 
2 X 0.65V 

Operating Current « 

r set 

Positive Common- ^ y+ 

Mode Limit 


0.65V X 50k 

0.6 

r set 


typical applications 


Rf 



R6 

3M 

0.1% 



FIGURE 1. Low Drift Op Amp Using the LM121A as a Preamp 


Gain of 1000 Instrumentation Amplifier^ 
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LM121 A/LM221 A/ LM 321 A 











LM121A/LM221A/LM321A 


typical performance characteristics 



-55 -15 25 65 105 

TEMPERATURE ( 6 C) 



0 0.2 0.4 0.6 0.8 1.0 

OFFSET VOLTAGE (mV) 


Distribution of Offset 
Voltage Drift (Nulled) 

70 

60 

t 50 
z 

^ 40 

o 
cc 

a 30 
2 

* 20 
10 
0 

-0.2 -0.1 0 0.1 0.2 
VOLTAGE DRIFT ( M V/°C) 



Common-Mode Rejection Ratio 



10 100 Ik 10k 100k 


FREQUENCY (Hz) 


Positive Power Supply 
Rejection 




V s = ±15V 
T A =25°C 


N " 


= 6.4 kn 



\ 

\ 


Rset 

= 70 ksr 

\ 




\ 


60 1 1 1 1 1 

10 100 Ik 10k 100k 

FREQUENCY (Hz) 


Negative Power Supply 
Rejection 



10 100 Ik 10k 100k 

FREQUENCY (Hz) 



CD 



10 100 Ik 10k 100k 

FREQUENCY (Hz) 


Input Noise Current 



FREQUENCY (Hz) 


Offset Voltage Adjustment 




2 5 10 20 50 100 200 

SET CURRENT/SIDE (mA) 



1 10 100 Ik 

SET CURRENT/SIDE (#iA) 



-55 -15 25 65 105 

TEMPERATURE (°C) 
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LM121A/LM221A/LM-321A 



LM124/LM224/LM324 



Operational Amplifiers 


LM124/LM224/LM324 quad op amps 


general description 


advantages 


The LM124 series consists of four independent, high 
gain, internally frequency compensated operational am- 
plifiers which were designed specifically to operate from 
a single power supply over a wide range of voltages. 
Operation from split power supplies is also possible and 
the low power supply current drain is independent of the 
magnitude of the power supply voltage. 


Application areas include transducer amplifiers, dc gain 
blocks and all the conventional op amp circuits which 
now can be more easily implemented in single power 
supply systems. For example, the LM124 series can be 
directly operated off of the standard +5 V DC power 
supply voltage which is used in digital systems and will 
easily provide the required interface electronics without 
requiring the additional ±15 V DC power supplies. 


unique characteristics 


■ In the linear mode the input common-mode voltage 
range includes ground and the output voltage can also 
swing to ground, even though operated from only a 
single power supply voltage. 

■ The unity gain cross frequency is temperature 
compensated. 

■ The input bias current is also temperature 
compensated. 


■ Eliminates need for dual supplies 

■ Four internally compensated op amps in a single 
package 

■ Allows directly sensing near GND and V OUT also 
goes to GND 

■ Compatible with all forms of logic 

■ Power drain suitable for battery operation 


features 


Internally frequency compensated for unity gain 
Large dc voltage gain 100 dB 

Wide bandwidth (unity gain) 1 MHz 

(temperature compensated) 


Wide power supply range: 

Single supply 3V DC to30V DC 

or dual supplies ±1.5 V DC to ±1 5 V DC 

Very low supply current drain (800/iA) — essentially 
independent of supply voltage (1 mW/op amp at 
+5 V DC ) 

Low input biasing current 45 nA DC 

(temperature compensated) 

Low input offset voltage 2 mV DC 

and offset current 5 nA DC 

Input common-mode voltage range includes ground 


■ Differential input voltage range equal to the power 
supply voltage 

■ Large output voltage 0 V DC to V + - 1.5 V DC 

swing 


connection diagram 

Dual-1 n-Line and Flat Package 



TOP VIEW 

Order Number LM124D, LM224D or LM324D 
See Package 1 
Order Number LM124F 
See Package 4 
Order Number LM324N 
See Package 22 


schematic diagram (Each Amplifier) 

v + 



2-190 




absolute maximum ratings 


Supply Voltage, V + 32 V DC or ±16 V DC 

Differential Input Voltage 32 V DC 

Input Voltage -0.3 V D c to +32 V DC 

Power Dissipation (Note 1) 

Molded DIP (LM324N) 570 mW 

Cavity DIP (LM124D, LM224D & LM324D) 900 mW 

Flat Pack (LM124F) 800 mW 

Output Short-Circuit to GND (Note 2) (One Amplifier) Continuous 
V + < 15 V DC and T A = 25° C 


Input Current (V, N <-0.3 V OL ) (Note 3) 

Operating Temperature Range 
LM324 
LM224 
LM124 

Storage Temperature Range 


50 mA 


0°C to +70°C 
-25°C to +85°C 
-55°C to +125°C 

— 65°C to +1 50°C 


Lead Temperature (Soldering, 10 seconds) 


300° C 


electrical characteristics (v + = +5.0 v DC , Note 4) LM124 


PARAMETER 

CONDITIONS 

MIN 

TYP 

MAX 

UNITS 

Input Offset Voltage 

T A = +25° C (Note 5) 


±2 

±5 

mV DC 

Input Bias Current (Note 6) 

l|N(+) or •in(-). T a = +25 C 


45 

150 

> 

O 

o 

Input Offset Current 

•in(+) “ •in(-). T a = +25°C 


±3 

±30 

nAo C 

Input Common-Mode Voltage 

Range (Note 7) 

V + = 30 V DC , T A = +25°C 

0 


V + -1 .5 

Vdc 

Supply Current 

R L = °° On All Op Amps 

Over Full Temperature Range 


0.8 

2 

mA oc 

Large Signal Voltage Gain 

V + = +15 V Dc (For Large V Q Swing) 

R L > 2 kf2, T A = +25°C 

50 

100 


V/mV 

Common-Mode Rejection 

Ratio 

DC, T a = +25° C 

70 

85 


dB 

Power Supply Rejection Ratio 

DC, T a = +25°C 

65 

100 


dB 

Amplifier-to-Amplifier 

f= 1 kHz to 20 kHz, T A = +25°C 


-120 


dB 

Coupling (Note 8) 

(Input Referred) 





Output Current 






Source 

V| N + = +1 V DC , V| N - = 0 V DC , 

V + = 15 V DC , T A = +25°C 

20 

40 


mA DC 

Sink 

V 1N " = +1 V Dc .V IN + = 0V D c, 

V + = 15 V DC , T a = +25°C 

10 

20 


mA DC 


V, N " = +1 V dc . V in + = 0V DCi 

T a = +25°C, Vo = 200 mV DC 

12 

50 


ma dc 

Input Offset Voltage 

(Note 5) 



±7 

mV DC 

Input Offset Voltage Drift 

Rg = on 


7 


pV/°C 

Input Offset Current 

•lN(+) “ 1 INI— ) 



±100 

nA oc 

Input Offset Current Drift 



10 


pA DC / C 

Input Bias Current 

l|N<+) or llN(-) 



300 

nA DC 

Input Common-Mode Voltage 

Range (Note 7) 

V + = 30 V DC 

0 


V + -2 

v dc 

Large Signal Voltage Gain 

V + = +15 V DC (For Large V Q Swing) 

R L ^2kn 

25 



V/ mV 

Output Voltage Swing 






i 

o 

> 

V + = +30 V DC , R u = 2kn 

26 



Vdc 


R L >10kn 

27 

28 


Vdc 

V 0 L 

V + = +5 V DC , R u ^10kn 


5 

20 

mV Dc 

Output Current 






Source 

V,N + = +1 V DC , V 1N - = 0 V DC , v + = 15 V DC 

10 

20 


mA 

Sink 

V,n" = + 1 V DC , V 1N + = 0 V DC , V + = 15 V DC 

5 

8 


mA 

Differential Input Voltage 
(Note 7) 




V + 

Vdc 
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LM124/LM224/LM324 


electrical characteristics (v + = +5.o v DC , Note4) LM224, LM324 


PARAMETER 

CONDITIONS 

MIN 

TYP 

MAX 

UNITS 

Input Offset Voltage 

T a = +25°C (Note 5) 


±2 

±7 

mV DC 

Input Bias Current (Note 6) 

l(N(+) or T a = +25 C 


45 

250 

nA DC 

Input Offset Current 

1 in(+) “ 1 in(— )* Ta = +25°C 


±5 

±50 

oAqo 

Input Common-Mode Voltage 

Range (Note 7) 

V + = 30 V DC , T A = +25° C 

0 


V + — 1.5 

Vdc 

Supply Current 

R L = 00 On All Op Amps 

Over Full Temperature Range 


0.8 

2 

mA DC 

Large Signal Voltage Gain 

V + = +15 V DC (For Large V Q Swing) 

R L > 2 k!2, T A = +25°C 

25 

100 


V/mV 

Common-Mode Rejection 

Ratio 

DC, T a = +25°C 

65 

85 


dB 

Power Supply Rejection Ratio 

DC, T a = +25°C 

65 

100 


dB 

Amplifier-to-Amplifier 

f = 1 kHz to 20 kHz, T A = +25°C 


-120 


dB 

Coupling (Note 8) 

(Input Referred) 





Output Current 






Source 

v, N + = +i v DC ,v )N - = ov DC , 

V + = 15 V DC , T a = +25° C 

20 

40 


mA DC 

Sink 

V,n = +1 V DC , V| N + = 0 V DC , 

V + = 15 V DC , T A = +25°C 

10 

20 


mAoc 


Vin = +1 V DC , V| N + = 0 V DC , 

T a = (-25°C, V 0 = 200 mV DC 

12 

50 


a«a dc 

Input Offset Voltage 

(Note 5) 



±9 

mV DC 

Input Offset Voltage Drift 

R s = on 


7 


MV/°C 

Input Offset Current 

•lN<+) ~ ^Nt-) 



±150 

nA DC 

Input Offset Current Drift 



10 


pA DC / C 

Input Bias Current 

•lN(+> or l|N<-> 



500 

nA DC 

Input Common-Mode Voltage 

Range (Note 7) 

V + = 30 V DC 

0 


V + -2 

Vdc 

Large Signal Voltage Gain 

V + = +15 V DC (For Large V Q Swing) 

R L > 2 k!2 

15 



V/mV 

Output Voltage Swing 






Vqh 

V + = +30V dc , R L = 2kl2 

26 



Vdc 


R L >10kft 

27 

28 


Vdc 

Vol 

V + = +5 V DC , R L < 10kl2 


5 

20 

mV DC 

Output Current 






Source 

V,N + = +1 V DC , V IN - = 0 V DC , V + = 15 V DC 

10 

20 


mA 

Sink 

V IN - = +1 V DC , V IN + = 0 V DC , V + = 15 V DC 

5 

8 


mA 

Differential Input Voltage 
(Note 7) 




V + 

v dc 


Note 1: For operating at high temperatures, the LM324 must be derated based on a +125°C maximum junction temperature and a thermal 
resistance of 175° C/W which applies for the device soldered in a printed circuit board, operating in a still air ambient. The LM224 and LM124 
can be derated based on a +150°C maximum junction temperature. The dissipation is the total of all four amplifiers— use external resistors, where 
possible, to allow the amplifier to saturate or to reduce the power which is dissipated in the integrated circuit. 

Note 2: Short circuits from the output to V + can cause excessive heating and eventual destruction. The maximum output current is approximately 
40 mA independent of the magnitude of V + . At values of supply voltage in excess of +15 Vdq, continuous short-circuits can exceed the power 
dissipation ratings and cause eventual destruction. 

Note 3: This input current will only exist when the voltage at any of the input leads is driven negative. It is due to the collector-base junction of 
the input PNP transistors becoming forward biased and thereby acting as input diode clamps. In addition to this diode action, there is also lateral 
NPN parasitic transistor action on the 1C chip. This transistor action can cause the output voltages of the op amps to go to the V + voltage level (or 
to ground for a large overdrive) for the time duration that an input is driven negative. This is not destructive and normal output states will 
re-establish when the input voltage, which was negative, again returns to a value greater than -0.3 Vqq. 

Note 4: These specifications apply for V + = +5 Vqq and — 55°C < T/\ < +125°C, unless otherwise stated. With the LM224, all temperature 
specifications are limited to -25°C < T/\ < +85°C and the LM324 temperature specifications are limited to 0°C < T/\ < +70°C. 

Note 5: Vq = 1 .4 Vqq, Rg = 012 with V + from 5 Vqq to 30 Vqq; and over the full input common-mode range (0 Voq to V + - 1 .5 Vqq). 

Note 6: The direction of the input current is out of the 1C due to the PNP input stage. This current is essentially constant, independent of the 
state of the output so no loading change exists on the input lines. 

Note 7: The input common-mode voltage or either input signal voltage should not be allowed to go negative by more than 0.3V. The upper end of 
the common-mode voltage range is V — 1 .5V, but either or both inputs can go to +32 Vqq without damage. 

Note 8: Due to proximity of external components, insure that coupling is not originating via stray capacitance between these external parts. This 
typically can be detected as this type of capacitive coupling increases at higher frequencies. 
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INPUT VOLTAGE (±V DC ) 


typical performance characteristics 


Input Voltage Range 


Input Current 


Supply Current 



] 5 ID 15 

V + OR V“ - POWER SUPPLY VOLTAGE (±V DC ) 



-55 -35 -155 25 45 65 85 105 125 
T A - TEMPERATURE (°C) 



10 20 
V + - SUPPLY VOLTAGE (V DC ) 



10 20 30 40 

V + - SUPPLY VOLTAGE <V DC ) 


Open Loop Frequency 
Response 



V-55 C <T a <+125 C 


_ V + = 1 0 TO 1 5 V DC & jv k 

-55° C < T A < +125°(P 

I I L_L LXi 

1.0 10 100 1.0k 10k 100k 1.0M 10M 

f- FREQUENCY (Hz) 


Common Mode Rejection 
Ratio 



100 Ik 10k 10( 

f- FREQUENCY (Hz) 


Voltage Follower Pulse 
Response 



Voltage Follower Pulse 
Response (Small Signal) 



Large Signal Frequency 
Response 



t - TIME (ms) 

t - TIME (ms) 

f- FREQUENCY (Hz) 

Output Characteristics 

Output Characteristics 


Current Sourcing 

Current Sinking 

Current Limiting 



0.001 0.01 0.1 1 10 100 

l 0 + - OUTPUT SOURCE CURRENT (mA DC ) 



0.001 0.01 0.1 1 10 100 

In" - OUTPUT SINK CURRENT (mA DC ) 



-55 -35 -15 5 25 45 65 85 105 125 

T A - TEMPERATURE (°C) 
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LM124/LM224/LM324 


application hints 

The LM124 series are op amps which operate with only 
a single power supply voltage, have true-differential 
inputs, and remain in the linear mode with an input 
common-mode voltage of 0 V DC . These amplifiers 
operate over a wide range of power supply voltage with 
little change in performance characteristics. At 25°C 
amplifier operation is possible down to a minimum 
supply voltage of 2.3 V DC . 

The pinouts of the package have been designed to 
simplify PC board layouts. Inverting inputs are adjacent 
to outputs for all of the amplifiers and the outputs have 
also been placed at the corners of the package (pins 1, 
7, 8, and 14). 

Precautions should be taken to insure that the power 
supply for the integrated circuit never becomes reversed 
in polarity or that the unit is not inadvertently installed 
backwards in a test socket as an unlimited current surge 
through the resulting forward diode within the 1C could 
cause fusing of the internal conductors and result in a 
destroyed unit. 

Large differential input voltages can be easily accom- 
modated and, as input differential voltage protection 
diodes are not needed, no large input currents result 
from large differential input voltages. The differential 
input voltage may be larger than V + without damaging 
the device. Protection should be provided to prevent the 
input voltages from going negative more than -0.3 V DC 
(at 25°C). An input clamp diode with a resistor to the 
1C input terminal can be used. 

To reduce the power supply current drain, the amplifiers 
have a class A output stage for small signal levels which 
converts to class B in a large signal mode. This allows the 
amplifiers to both source and sink large output currents. 
Therefore both NPN and PNP external current boost 
transistors can be used to extend the power capability of 
the basic amplifiers. The output voltage needs to raise 
approximately 1 diode drop above ground to bias the 
on-chip vertical PNP transistor for output current sinking 
applications. 

For ac applications, where the load is capacitively 
coupled to the output of the amplifier, a resistor should 


be used, from the output of the amplifier to ground to 
increase the class A bias current and prevent crossover 
distortion. Where the load is directly coupled, as in dc 
applications, there is no crossover distortion. 

Capacitive loads which are applied directly to the output 
of the amplifier reduce the loop stability margin. Values 
of 50 pF can be accommodated using the worst-case non- 
inverting unity gain connection. Large closed loop gains 
or resistive isolation should be used if larger load 
capacitance must be driven by the amplifier. 

The bias network of the LM124 establishes a drain 
current which is independent of the magnitude of the 
power supply voltage over the range of from 3 V DC to 
30 V DC . 

Output short circuits either to ground or to the positive 
power supply should be of short time duration. Units 
can be destroyed, not as a result of the short circuit 
current causing metal fusing, but rather due to the large 
increase in 1C chip dissipation which will cause eventual 
failure due to excessive junction temperatures. Putting 
direct short-circuits on more than one amplifier at a time 
will increase the total 1C power dissipation to destructive 
levels, if not properly protected with external dissipation 
limiting resistors in series with the output leads of the 
amplifiers. The larger value of output source current 
which is available at 25°C provides a larger output cur- 
rent capability at elevated temperatures (see typical 
performance characteristics) than a standard 1C op amp. 

The circuits presented in the section on typical applica- 
tions emphasize operation on only a single power supply 
voltage. If complementary power supplies are available, 
all of the standard op amp circuits can be used. In 
general, introducing a pseudo-ground (a bias voltage 
reference of V + /2) will allow operation above and below 
this value in single power supply systems. Many applica- 
tion circuits are shown which take advantage of the wide 
input common-mode voltage range which includes 
ground. In most cases, input biasing is not required and 
input voltages which range to ground can easily be 
accommodated. 


typical single-supply applications (v + = 5.ov DC ) 


Non-Inverting DC Gain (OV Input = OV Output) 




DC Summing Amplifier 
< V IN'S > 0 V DC AND v O > 0 V DC> 


R 

100k 



Where: V 0 = V, + V 2 - V 3 - V 4 

(V, + V 2 ) > (V 3 + V 4 ) to keep V 0 > 0 V DC 
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typical single-supply applications (con't) (v + = 5.ov DC ) 


High Input Z, DC Differential Amplifier Photo Voltaic-Cell Amplifier 



As shown; V 0 =2(V 2 -V,) 


High Input Z Adjustable-Gain Using Symmetrical Amplifiers to 

DC Instrumentation Amplifier Reduce Input Current (General Concept) 



As shown V 0 = 101 (V 2 - V,) 


Bridge Current Amplifier 


Power Amplifier 






LM124/LM224/LM324 


typical single-supply applications (con't) (v + = 5.ov DC ) 


AC Coupled Inverting Amplifier 


Rf 

100k 



Ground Referencing A Differential Input Signal 


I 



AC Coupled Non-Inverting Amplifier 
R1 R2 



DC Coupled Low-Pass RC Active Filter 


ci 

0.01mF 



Bandpass Active Filter 


Cl 

O.OInF 
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LM124/LM224/LM324 


typical single-supply applications (con't) (v + = 5.ov DC ) 


Squarewave Oscillator 


Pulse Generator 



Low Drift Peak Detector 


High Compliance Current Sink 




Comparator with Hysteresis 



Voltage Controlled Oscillator (VCO) 

0 05mF 
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Operational Amplifiers 


LM143/LM343 high voltage operational amplifier 


general description 


features 


The LM143 is a general purpose high voltage operational 
amplifier featuring operation to ±40V, complete input 
overvoltage protection up to ±40V and input currents 
comparable to those of other super-0 op amps. Increased 
slew rate, together with higher common-mode and sup- 
ply rejection, insure improved performance at high sup- 
ply voltages. Operating characteristics, in particular 
supply current, slew rate and gain, are virtually inde- 
pendent of supply voltage and temperature. Furthermore, 
gain is unaffected by output loading at high supply vol- 
tages due to thermal symmetry on the die. The LM143 
is pin compatible with general purpose op amps and has 
offset null capability. 

Application areas include those of general purpose op 
amps, but can be extended to higher voltages and higher 
output power when externally boosted. For example, 
when used in audio power applications, the LM143 pro- 
vides a power bandwidth that covers the entire audio 
spectrum. In addition, the LM143 can be reliably 
operated in environments with large overvoltage spikes 
on the power supplies, where other internally-compen- 
sated op amps would suffer catastrophic failure. 

The LM343 is similar to the LM143 for applications in 
less severe supply voltage and temperature environments. 


■ Wide supply voltage range ±4.0V to ±40V 

■ Large output voltage swing ±37V 

■ Wide input common-mode range ±38V 

■ Input overvoltage protection Full ±40V 

■ Supply current is virtually independent of supply 
voltage and temperature 


unique characteristics 


■ Low input bias current 

■ Low input offset current 

■ High slew rate— essentially independent 

of temperature and supply voltage ^ 

■ High voltage gain— virtually independent 
of resistive loading, temperature, and 

supply voltage 1C 

■ Internally compensated for unity gain 

■ Output short circuit protection 

■ Pin compatible with general purpose op amps 


connection diagrams 


Metal Can Package 


Dual-ln-Line Package 


NON-INVERTINI 



NON-INVERTING _± 
INPUT 


NOTE: Pin 4 connected to case. 



OFFSET 

NULL 

INVERTING 

INPUT 

NON-INVERTING 

INPUT 



Note: Pin 5 connected to bottom of package. 


Order Number LM143H 
or LM343H 
See Package 1 1 


Order Number LM143D 
or LM343D 
See Package 1 


Order Number LM143F 
See Package 3 
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LM143/LM343 


absolute maximum ratings 


Supply Voltage 

Power Dissipation (Note 1) 

Differential Input Voltage (Note 2) 

Input Voltage (Note 2) 

Operating Temperature Range 

Storage Temperature Range 

Output Short Circuit Duration 

Lead Temperature (Soldering, 10 seconds) 


LM143 

±40V 
500 mW 
80V 
±40V 

-55° C to +125°C 
-65°C to +1 50°C 
5 seconds 
300°C 


LM343 

±34 V 
500 mW 
68V 
±34V 

0°C to +70° C 
-65°C to +150°C 
5 seconds 
300° C 


electrical characteristics (Note 3) 


PARAMETER 

CONDITIONS 

| LM143 

| LM343 | 

UNITS 

MIN 

TYP 

MAX 

MIN 

TYP 

MAX 

Input Offset Voltage 

T a = 25°C 


2.0 

5.0 


2.0 

8.0 

mV 

Input Offset Current 

T a = 25° C 


1.0 

3.0 


1.0 

10 

nA 

Input Bias Current 

T a = 25°C 


8.0 

20 


8.0 

40 

nA 

Supply Voltage 

Rejection Ratio 

T a = 25°C 


10 

100 


10 

200 

juV/V 

Output Voltage Swing 

T a = 25°C, R l >5 k£2 

22 

25 


20 

25 


V 

Large Signal Voltage 

T a = 25°C, Vqut =±10V, 

100k 

180k 


70k 

180k 


V/V 

Gain 

R l > 100 kO 








Common-Mode 

Rejection Ratio 

T a = 25°C 

80 

90 


70 

90 


dB 

Input Voltage Range 

T a = 25°C 

24 

26 


22 

26 


V 

Supply Current (Note 4) 

T a = 25°C 


2.0 

4.0 


2.0 

5.0 

mA 

Short Circuit Current 

T a = 25°C 


20 



20 


mA 

Slew Rate 

T a = 25°C, A v = 1 


2.5 



2.5 


V/jus 

Power Bandwidth 

T a = 25°C, V OUT =40 Vp.p, 

R l = 5 kSl, THD < 1% 


20k 



20k 


Hz 

Unity Gain Frequency 

T a = 25° C 


1.0M 



1.0M 


Hz 

Input Offset Voltage 

T a = Max 



6.0 



10 

mV 


T a = Min 



6.0 



10 

mV 

Input Offset Current 

T a = Max 


0.8 

4.5 


0.8 

14 

nA 


T a = Min 


1.8 

7.0 


1.8 

14 

nA 

Input Bias Current 

T a = Max 


5.0 

35 


5.0 

55 

nA 


T a = Min 


16 

35 


16 

55 

nA 

Large Signal Voltage 

R l > 100 kfi, T a = Max 

50k 

150k 


50k 

150k 


V/V 

Gain 

R l > 100 kSl. T a = Min 

50 k 

220k 


50k 

220k 


V/V 

Output Voltage Swing 

R l >5.0 kfi, T a = Max 

22 

26 


20 

26 


V 


R l >5.0 kH, T a = Min 

22 

25 


20 

25 


V 


Note 1: The maximum junction temperature of the LM143 is 150°C, while that of the LM343 is 100°C. For operating at elevated temperatures, 
devices in the TO-5 package must be derated based on a thermal resistance of 150°C/W, junction to ambient, or 45°C/W, junction to case. For the 
flat package, the derating is based on a thermal resistance of 185°C/W when mounted on a 1 /16-inch-thick epoxy glass board with ten, 0.03-inch- 
wide, 2-ounce copper conductors. The thermal resistance of the dual-in-line package is 100°C/W, junction to ambient. 

Note 2: For supply voltage less than ±40V for the LM143 and less than +34V for the LM343, the absolute maximum input voltage is equal to the 
supply voltage. 

Note 3: These specifications apply for V§ = ±28V unless otherwise specified. 

For LM143, T /\ = max = 125°C and T/\ = min = — 55°C. 

For LM343, T/\ = max = 70°C and T/\ = min = 0°C. 

Note 4: The maximum supply currents are guaranteed at Vs = ±40V for the LM143 and Vs = ±34V for the LM343. 
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LM143/LM343 


typical performance characteristics (con't) 
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Common-Mode Rejection 



FREQUENCY (Hz) 


Power Supply Rejection 



1.0 10 100 Ik 10k 100k 1M 


FREQUENCY (Hz) 


Large Signal Frequency 
Response 



100 Ik 10k 100k 1M 

FREQUENCY (Hz) 


Open Loop Frequency 
Response 
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FREQUENCY (Hz) 


Voltage Follower Pulse 
Response 



0 10 20 30 40 


TIME (ps) 


Inverter Pulse Response 



0 10 20 30 40 

TIME Ozs) 
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application hints 

The LM143 is designed for trouble free operation at any 
supply voltage up to and including the guaranteed maxi- 
mum of ±40V. Input overvoltage protection, both 
common-mode and differential, is 100% tested and 
guaranteed at the maximum supply voltage. Further- 
more, all possible high voltage destructive modes during 
supply voltage turn-on have been eliminated by design. 
As with most 1C op amps, however, certain precautions 
should be observed to insure that the LM143 remains 
virtually blow-out proof. 

Although output short circuits to ground or either supply 
can be sustained indefinitely at lower supply voltages, 
these short circuits should be of short duration when 
operating at higher supply voltages. Units can be des- 
troyed by the resulting high power dissipation which 
causes failure due to excessive die temperature. This is 
also true when driving low impedance loads or loads that 
can revert to low impedance; for example, the LM143 
can drive most general purpose op amps outside of their 
maximum input voltage range, causing heavy current to 
flow and possibly destroying both devices. 

Precautions should be taken to insure that the power 
supplies never become reversed in polarity— even under 
transient conditions. With reverse voltage, the 1C will 
conduct excessive current, fusing the internal aluminum 
interconnects. Voltage reversal between the power sup- 
plies will almost always result in a destroyed unit. 


Jn high voltage applications which are sensitive to very 
low input currents, special precautions should be exer- 
cised. For example, with high source resistances, care 
should be taken to prevent the magnitude of the PC 
board leakage currents, although quite small, from 
approaching those of the op amp input currents. These 
leakage currents become larger at 125°C and are made 
worse by high supply voltages. To prevent this, PC 
boards should be properly cleaned and coated to prevent 
contamination and to provide protection from condensed 
water vapor when operating below 0°C. A guard ring is 
also recommended to significantly reduce leakage cur- 
rents from the op amp input pins to the adjacent high 
voltage pins in the standard op amp pin connection as 
shown in Figure 1. Figures 2 , 3 and 4 show how the 
guard ring is connected for the three most common op 
amp configurations. 

Finally, caution should be exercised in high voltage 
applications as electrical shock hazards are present. Since 
the negative supply is connected to the case, users may 
inadvertantly contact voltages equal to those across the 
power supplies. 

The LM143 can be used as a plug-in replacement in most 
general purpose op amp applications. The circuits pre- 
sented in the following section emphasize those applica- 
tions which take advantage of the unique high voltage 
capabilities of the LM143. 




FIGURE 2. Guarded Voltage Follower 


FIGURE 1. Printed Circuit Layout for Input Guarding 
with TO-5 Package 




FIGURE 3. Guarded Non-Inverting Amplifier 


FIGURE 4. Guarded Inverting Amplifier 
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typical applications? (For more detail see AN-127) 


V + = +38V °- 1pF 

CERAMIC 





2 R1 \ R5 WHERE: R4=R6 


*R2 may be adjustable to trim the gain. 

**R7 may be adjusted to compensate for the resistance tolerance of R4 - R7 for best CMR. 


140 Vp.p Drive Across a Floating Load 


±36V Common-Mode Instrumentation Amplifier 



+75V 

' UNREGULATED 


±0UTPUT VOLTAGE 0 1 M F — ^ ^ , 

ADJUSTMENT CERAMIC T T’ 



' O.lpF < m 
CER. S 


REGULATED 

OUTPUT 


*Put on common heat sink. 

All Resistors are 1/2 watt, 5%, except as noted. 


2| D5 ^ 

N. 1 N914 m 

LM143 >JWU 


0.1,iF 

I CERAMIC 


Tracking ±65V, 1 Amp Power Supply with Short Circuit Protection 


■i-The 38V supplies allow for a 5% voltage tolerance. All resistors are 1/2 watt, except as noted. 
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Operational Amplifiers 


LM158/LM258/LM358 dual op amps 


general description 

The LM158 series consists of two independent, high 
gain, internally frequency compensated operational am- 
plifiers which were designed specifically to operate from 
a single power supply over a wide range of voltages. 
Operation from split power supplies is also possible and 
the low power supply current drain is independent of the 
magnitude of the power supply voltage. 

Application areas include transducer amplifiers, dc gain 
blocks and all the conventional op amp circuits which 
now can be more easily implemented in single power 
supply systems. For example, the LM158 series can be 
directly operated off of the standard +5 V DC power 
supply voltage which is used in digital systems and will 
easily provide the required interface electronics without 
requiring the additional ±15 V DC power supplies. 

unique characteristics 

■ In the linear mode the input common-mode voltage 
range includes ground and the output voltage can also 
swing to ground, even though operated from only a 
single power supply voltage. 

■ The unity gain cross frequency is temperature 
compensated. 

■ The input bias current is also temperature 
compensated. 

advantages 

■ Eliminates need for dual supplies 

■ Two internally compensated op amps in a single 
package 


■ Allows directly sensing near GND and V OUT also 
goes to GND 

■ Compatible with all forms of logic 

■ Power drain suitable for battery operation 

■ Pin-out same as LM1558/LM1458 dual operational 
amplifier 


features 

■ Internally frequency compensated for unity gain 

■ Large dc voltage gain 100 dB 

■ Wide bandwidth (unity gain) 1 MHz 

(temperature compensated) 

■ Wide power supply range: 

Single supply 3V Dc to30V DC 

or dual supplies ±1.5 V DC to ±15 V DC 

■ Very low supply current drain (500/iA) — essentially 
independent of supply voltage (1 mW/op amp at 
+5 V DC ) 

■ Low input biasing current 45 nA DC 

(temperature compensated) 

■ Low input offset voltage 2 mV DC 

and offset current 5 nA DC 

■ Input common-mode voltage range includes ground 

■ Differential input voltage range equal to the power 
supply voltage 

■ Large output voltage 0 V DC to V + - 1.5 V DC 

swing 


connection diagrams 

Metal Can Package 

v + 



See Package 1 1 


Dual-In-Line Package 



schematic diagram (Each Amplifier) 


v + 



2-206 




absolute maximum ratings 


Supply Voltage, V 32 Vpc or 116 V DC 

Differential Input Voltage 32 Vqq 

Input Voltage -0.3 Vqc t0 +32 V DC 

Power Dissipation (Note 1) 

Molded DIP (LM358N) 570 mW 

Metal Can (LM158H, LM258H & LM358H) 500 mW 

Output Short-Circuit to GND (Note 2) 

(One Amplifier) Continuous 

V + < 15V DC and T A = 25° C 


Input Current (V||\j < -0.3 VqiJ (Note 3) 


50 mA 


Operating Temperature Range 
LM358 
LM258 
LM158 


0° C to +70° C 
-25° C to +85° C 
-55° C to +125° C 


Storage T emperature Range -65° C to +1 50° C 

Lead Temperature (Soldering, 10 seconds) 300°C 


electrical characteristics (v + = +5.o v DC , Note 4) lmiss 


PARAMETER 

CONDITIONS 

MIN 

TYP 

MAX 

UNITS 

Input Offset Voltage 

T a = +25°C (Note 5) 


±2 

±5 

mV dc 

Input Bias Current (Note 6) 

•in(+) or 1 in(— )< T a = +25 C 


45 

150 

nA D c 

Input Offset Current 

Iin(+) ~ Iin(-)< T A = +25 C 


±3 

±30 

nA oc 

Input Common-Mode Voltage 

Range (Note 7) 

V + = 30 V dc ,T a = +25°C 

0 


V + -1.5 

Vdc 

Supply Current 

R l = 00 On All Op Amps 

Over Full Temperature Range 


0.5 

1.2 

mA DC 

Large Signal Voltage Gain 

V + = +15 V Dc (For Large V Q Swing) 

R L > 2 kL2, T a = +25°C 

50 

100 


V/mV 

Common-Mode Rejection 

Ratio 

DC, T a = +25°C 

70 

85 


ciB 

Power Supply Rejection Ratio 

DC, T a = +25°C 

65 

100 


dB 

Amplifier-to-Amplifier 

f = 1 kHz to 20 kHz, T A - +25°C 


-120 


dB 

Coupling (Note 8) 

(Input Referred) 





Output Current 






Source 

V )N + = +1 V DC , V| N =0V DC , 

V + = 15 V DC , T a = +25°C 

20 

40 


mA DC 

Sink 

V| N = +1 V DC , V tN + = 0 V DC , 

V + = 1 5 V DC , T A = +25° C 

10 

20 


o 

Q 

< 

E 


V| N - +1 V DC , V| N + = 0 V DC , 

T a = +25°C, Vo = 200 mV DC 

12 

50 


pA DC 

Input Offset Voltage 

(Note 5) 



±7 

mV dc 

Input Offset Voltage Drift 

r s = on 


7 


hmT c 

Input Offset Current 

*IN(+) “ 1 IN( — ) 



±100 

nA D c 

Input Offset Current Drift 



10 


pAoc/ C 

Input Bias Current 

•lN( + ) or 1 INI — ) 



300 

nA D c 

Input Common-Mode Voltage 

Range (Note 7) 

V + = 30 V DC 

0 


V + -2 

V DC 

Large Signal Voltage Gain 

V + = +15 V DC (For Large V Q Swing) 

R L > 2 kS2 

25 



V/mV 

Output Voltage Swing 






X 

o 

> 

V + = +30 V DC , R L = 2 kil 

26 



V DC 


R l > 10 k£2 

27 

28 


Vdc 

VOL 

V + = +5 V DC , R L < 10k£2 


5 

20 

q 

> 

E 

Output Current 






Source 

V, N * = +1 V DC , V IN - = 0 V DC , V + = 15 V DC 

10 

20 


mA 

Sink 

V, N - = +1 V DC , V IN + = 0 V DC , V + = 15 V DC 

5 

8 


mA 

Differential Input Voltage 
(Note 7) 




V + 

V DC 
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electrical characteristics (v + = +5.o v DC , Note 4) LM258, LM358 


PARAMETER 

CONDITIONS 

MIN 

TYP 

MAX 

UNITS 

Input Offset Voltage 

T a = +25°C (Note 5) 


+ 2 

±6 

u 

o 

> 

E 

Input Bias Current (Note 6) 

•in(+) or Iin(-)> T a = +25 C 


45 

250 

nA DC 

Input Offset Current 

'in(+) “ 'in(-). Ta = +25°C 


+ 5 

±50 

nA DC 

Input Common-Mode Voltage 

Range (Note 7) 

V + = 30 V oc , T A = +25°C 

0 


V + -1.5 

V DC 

Supply Current 

R L = 00 On All Op Amps 

Over Full Temperature Range 


0.5 

1.2 

mA D c 

Large Signal Voltage Gain 

V 4 = +15 V DC (For Large V Q Swing) 

R L > 2 kS2, T a = +25°C 

25 

100 


V/mV 

Common-Mode Rejection 

Ratio 

DC, T a - +25 °C 

70 

70 


dB 

Power Supply Rejection Ratio 

DC, T a ^ +25 C 

65 

100 


dB 

Amplifier-to-Amplifier 

f = 1 kHz to 20 kHz, T A - +25 C 


-120 


dB 

Coupling (Note 8) 

(Input Referred) 





Output Current 






Source 

Vin + ~ + i v DC , V (N =0V DC , 

V 4 = 15 V DC , T a = +25 ’C 

20 

40 


mA D c 

Sink 

Vin ~ + 1 V D o V | (sj 4 = 0 V DC , 

V 4 = 1 5 V DC , T a = + 25 C 

10 

20 


mApc 


v in “ = + i v dc , V (N * =0 V dc , 

T a = + 25 C, V 0 = 200 mV DC 

12 

50 


a<a dc 

Input Offset Voltage 

(Note 5) 



±7.5 

mV D c 

Input Offset Voltage Drift 

R s = 0S2 


7 


juV/'^C 

Input Offset Current 

1 IN <+ ) “ l|N(— ) 



±150 

nA DC 

Input Offset Current Drift 



10 


P^dc/ C 

Input Bias Current 

•lN( + ) or l IN<-) 



500 

n Aoc 

Input Common-Mode Voltage 

Range (Note 7) 

V 4 = 30 V DC 

0 


V 4 - 2 

< 

o 

o 

Large Signal Voltage Gain 

V + * +15 V DC (For Large V Q Swing) 

R L > 2 k£2 

15 



V/mV 

Output Voltage Swing 






X 

o 

> 

V 4 = +30 V DC , R L - 2 k£7 

26 



V DC 


R l > 10 k£2 

27 

28 


V DC 

VoL 

V 4 * +5 V DC , R l < 10 kS2 


5 

20 

mV Dc 

Output Current 






Source 

V in = + 1 V dc , Vin = 0 V dc , V 4 = 15 V dc 

10 

20 


mA 

Sink 

V IN - = +1 V DC , V,n + = 0 V DC , V 4 = 15 V DC 

5 

8 


mA 

Differential Input Voltage 
(Note 7) 




V 4 

< 

o 

n 


Note 1: For operating at high temperatures, the LM358 must be derated based on a +125°C maximum junction temperature and a thermal 
resistance of 175° C/W which applies for the device soldered in a printed circuit board, operating in a still air ambient. The LM258 and LM158 
can be derated based on a +150°C maximum junction temperature. The dissipation is the total of both amplifiers— use external resistors, where 
possible, to allow the amplifier to saturate or to reduce the power which is dissipated in the integrated circuit. 

Note 2: Short circuits from the output to V + can cause excessive heating and eventual destruction. The maximum output current is approximately 
40 mA independent of the magnitude of V + . At values of supply voltage in excess of +15 Vqq, continuous short-circuits can exceed the power 
dissipation ratings and cause eventual destruction. 

Note 3: This input current will only exist when the voltage at any of the input leads is driven negative. It is due to the collector-base junction of 
the input PNP transistors becoming forward biased and thereby acting as input diode clamps. In addition to this diode action, there is also lateral 
NPN parasitic transistor action on the 1C chip. This transistor action can cause the output voltages of the op amps to go to the V + voltage level (or 
to ground for a large overdrive) for the time duration that an input is driven negative. This is not destructive and normal output states will 
re-establish when the input voltage, which was negative, again returns to a value greater than -0.3 Vqq. 

Note 4: These specifications apply for V + = +5 Vqq and — 55° C < t a < +125°C, unless otherwise stated. With the LM258, all temperature 
specifications are limited to -25°C < T a < +85°C and the LM358 temperature specifications are limited to 0°C < T/\ < +70°C. 

Note 5: Vq = 1.4 Vqq, R$ = 0£2 with V + from 5 Vqq to 30 Vqq; and over the full input common-mode range (0 Vqq to V + — 1.5 Vqq). 

Note 6: The direction of the input current is out of the 1C due to the PNP input stage. This current is essentially constant, independent of the 
state of the outpdt so no loading change exists on the input lines. 

Note 7: The input common-mode voltage or either input signal voltage should not be allowed to go negative by more than 0.3V. The upper end of 
the common-mode voltage range is V + — 1.5V, but either or both inputs can go to +32 Vqq without damage. 

Note 8: Due to proximity of external components, insure that coupling is not originating via the stray capacitance between these external parts. This 
typically can be detected as this type of capacitive coupling increases at higher frequencies. 
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typical performance characteristics 


Input Voltage Range 



0 5 10 15 

V + OR V“ - POWER SUPPLY VOLTAGE (±V 0C ) 


Input Current 
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Output Characteristics 
Current Sourcing 


Output Characteristics 
Current Sinking 


Current Limiting 
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2-209 


LM158/LM258/LM358 



LM158/LM258/LM358 


application hints 

The LM158 series are op amps which operate with only 
a single power supply voltage, have true-differential 
inputs, and remain in the linear mode with an input 
common-mode voltage of 0 V DC . These amplifiers 
operate over a wide range of power supply voltages with 
little change in performance characteristics. At 25°C 
amplifier operation is possible down to a minimum 
supply voltage of 2.3 V DC . 

Precautions should be taken to insure that the power 
supply for the integrated circuit never becomes reversed 
in polarity or that the unit is not inadvertently installed 
backwards in a test socket as an unlimited current surge 
through the resulting forward diode within the 1C could 
cause fusing of the internal conductors and result in a 
destroyed unit. 

Large differential input voltages can be easily accom- 
modated and, as input differential voltage protection 
diodes are not needed, no large input currents result 
from large differential input voltages. The differential 
input voltage may be larger than V + without damaging 
the device. Protection should be provided to prevent the 
input voltages from going negative more than -0.3 V DC 
(at 25°C). An input clamp diode with a resistor to the 
1C input terminal can be used. 

To reduce the power supply current drain, the amplifiers 
have a class A output stage for small signal levels which 
converts to class B in a large signal mode. This allows the 
amplifiers to both source and sink large output currents. 
Therefore both NPN and PNP external current boost 
transistors can be used to extend the power capability of 
the basic amplifiers. The output voltage needs to raise 
approximately 1 diode drop above ground to bias the 
on-chip vertical PNP transistor for output current sinking 
applications. 

For ac applications, where the load is capacitively 
coupled to the output of the amplifier, a resistor should 
be used, from the output of the amplifier to ground to 
increase the class A bias current and prevent crossover 


distortion. Where the load is directly coupled, as in dc 
applications, there is no crossover distortion. 

Capacitive loads which are applied directly to the output 
of the amplifier reduce the loop stability margin. Values 
of 50 pF can be accommodated using the worst-case non- 
inverting unity gain connection. Large closed loop gains 
or resistive isolation should be used if larger load 
capacitance must be driven by the amplifier. 

The bias network of the LM158 establishes a drain 
current which is independent of the magnitude of the 
power supply voltage over the range of from 3 V DC to 
30 V DC . 

Output short circuits either to ground or to the positive 
power supply should be of short time duration. Units 
can be destroyed, not as a result of the short circuit 
current causing metal fusing, but rather due to the large 
increase in 1C chip dissipation which will cause eventual 
failure due to excessive junction temperatures. Putting 
direct short-circuits on more than one amplifier at a time 
will increase the total 1C power dissipation to destructive 
levels, if not properly protected with external dissipation 
limiting resistors in series with the output leads of the 
amplifiers. The larger value of output source current 
which is available at 25°C provides a larger output cur- 
rent capability at elevated temperatures (see typical 
performance characteristics) than a standard 1C op amp. 

The circuits presented in the section on typical applica- 
tions emphasize operation on only a single power supply 
voltage. If complementary power supplies are available, 
ail of the standard op amp circuits can be used. In 
general, introducing a pseudo-ground (a bias voltage 
reference of V + /2) will allow operation above and below 
this value in single power supply systems. Many applica- 
tion circuits are shown which take advantage of the wide 
input common-mode voltage range which includes 
ground. In most cases, input biasing is not required and 
input voltages which range to ground can easily be 
accommodated. 


typical single-supply applications (v + = 5.ov DC ) 


Non-Inverting DC Gain (0V Input = 0V Output) 




DC Summing Amplifier 
(V|N'S > ° V DC AND Vq > 0 V DC ) 


R 

100k 



Where: V 0 = V, + V 2 V 3 V 4 

(V, + V 2 ) > (V 3 + V 4 ) to keep V 0 • 0 V DC 
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LM158/LM258/LM358 



LM158/LM258/LM358 






LM709 



Operational Amplifiers 


LM709 operational amplifier 
general description 

The LM709 is a monolithic operational amplifier 
intended for general-purpose applications. Opera- 
tion is completely specified over the range of volt- 
ages commonly used for these devices. The design, 
in addition to providing high gain, minimizes both 
offset voltage and bias currents. Further, the class-B 
output stage gives a large output capability with 
minimum power drain. 

External components are used to frequency com- 
pensate the amplifier. Although the unity-gain com- 


pensation network specif ied will make the amplifier 
unconditionally stable in all feedback configura- 
tions, compensation can be tailored to optimize 
high-frequency performance for any gain setting. 

The fact that the amplifier is built on a single sili- 
con chip provides low offset and temperature drift 
at minimum cost. It also ensures negligible drift 
due to temperature gradients in the vicinity of the 
amplifier. 


schematic and connection diagrams 



typical applications* 


Metal Can 



Order Number LM709H 
See Package 1 1 


Voltage Follower 

D1 R3t 



Offset Balancing Circuit 


R5 R4 

160K 100K 



Unity Gain Inverting Amplifier 

R4 

20K 



FET Operational Amplifier 
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absolute maximum ratings 

Supply Voltage ±18V 

Power Dissipation (Note 1) 300 mW 

Differential Input Voltage ±5V 

Input Voltage ±10V 

Output Short-Circuit Duration (T A = 25°C) 5 sec 

Storage T emperature Range -65°C to +1 50°C 

Operating Temperature Range -55°C to +125°C 

Lead Temperature (Soldering, 10 seconds) 300°C 


electrical characteristics (Note 2 ) 


PARAMETER 

Input Offset Voltage 
Input Bias Current 
Input Offset Current 
Input Resistance 
Output Resistance 
Supply Current 
Transient Response 
Risetime 
Overshoot 

Slewing Rate 
Input Offset Voltage 

Average Temperature 
Coefficient of Input 
Offset Voltage 

Large-Signal 
Voltage Gain 

Output Voltage Swing 

Input Voltage Range 
Common Mode 
Rejection Ratio 

Supply Voltage 
Rejection Ratio 

Input Offset Current 

Input Bias Current 
Input Resistance 


CONDITION 
T a = 25°C, R s <10 kft 
T a = 25° C 
T a = 25° C 
T a = 25° C 
T a = 25° C 

T A = 25°C, V S = ±15V 
V| N = 20 mV, C L <100 pF 
T a = 25°C 

T a = 25° C 
Rs^iokn 

R§ = 50 ft 
R s = 10 kft 

V S = ±15V, R l >2 kft 
VoUT = ± 10V 
V S = ±15V, R L =10kft 
V s = ±15V, R|_ = 2 kft 

V S = ±15V 
R s <10kft 

R s <10kft 

T A = +125°C 
T a = -55°C 

T a = -55°C 

T a = -55°C 


25,000 45,000 

±12 ±14 


TYP. 

MAX. 

UNITS 

1.0 

5.0 

mV 

200 

500 

nA 

50 

200 

nA 

400 


kft 

150 


ft 

2.6 

5.5 

mA 

0.3 

1.0 

ns 

10 

30 

% 

0.25 


V/mS 


6.0 

mV 

3.0 


MV/°C 

6.0 


mv/°c 

0 

0 

0 

70,000 


±14 


V 

±13 


V 

±10 


V 

90 


db 

25 

150 

juV/V 

20 

200 

nA 

100 

500 

nA 

0.5 

1.5 

ma 

100 


kft 


Note 1: For operating at elevated temperatures, the device must be derated based 
on a 150°C maximum junction temperature and a thermal resistance of 1 50 C/W 
junction to ambient or 45 C/W junction to case for the metal-can package. 
For the flat package, the derating is based on a thermal resistance of 185 C/W 
when mounted on a 1/16-lnch-thlck, epoxy-glass board with ten, 0.03-inch- 
wlde, 2-ounce copper conductors (see curve). 

Note 2: These specifications apply for -55°C <T A <+125°C, ± 9V <V S 
<C+15V, C-j = 5000 pF, Ri = 1.5K, C 2 = 200 pF and R 2 = 51f2 unless other- 
wise specified. 
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guaranteed performance characteristics 


Input Common Mode 

Output Voltage Swing Voltage Range 



9 10 11 12 13 14 15 9 10 11 12 13 14 15 

SUPPLY VOLTAGE ( + V) SUPPLY VOLTAGE ( ± V) 


Maximum Power Dissipation Voltage Gain 



Supply Current 



AMBIENT TEMPERATURE (°C) 


SUPPLY VOLTAGE ( ± V) 


SUPPLY VOLTAGE ( ± V) 


typical performance characteristics 


Input Offset Current Input Bias Current Supply Current 



-75 -50 -25 0 25 50 75 100 125 -75 -50 -25 0 25 50 75 100 125 -75 -50 -25 0 25 50 75 100 125 


TEMPERATURE (°C> 

Frequency Responce For 
Various Closed-Loop Gains 



TEMPERATURE (°C> TEMPERATURE ( 0 

Output Voltage Swing as 

a Function of Frequency Output Voltage Swing 



IK 10K 100K 1M 10M 0 10 20 30 40 50 


100 IK 10K 100K 1M 10M 

FREQUENCY (Hz) 


FREQUENCY (Hz) 


OUTPUT CURRENT ( t mA' 




Operational Amplifiers 


LM709A operational amplifier 
general description 

The LM709A is a monolithic operational amplifier 
intended for general-purpose applications. Opera- 
tion is completely specified over the range of volt- 
ages commonly used for these devices. The design, 
in addition to providing high gain, minimizes both 
offset voltage and bias currents. Further, the class-B 
output stage gives a large output capability with 
minimum power drain. 

External components are used to frequency com- 
pensate the amplifier. Although the unity-gain com- 


pensation network specified will make the amplifier 
unconditionally stable in all feedback configura- 
tions, compensation can be tailored to optimize 
high-frequency performance for any gain setting. 

The fact that the amplifier is built on a single sili- 
con chip provides low offset and temperature drift 
at minimum cost. It also ensures negligible drift 
due to temperature gradients in the vicinity of the 
amplifier. 


schematic and connection diagrams 


INPUT FREQUENCY COMPENSATION 



typical applications 


Metal Can 



Order Number LM709AH 
See Package 1 1 


Voltage Follower 

D1 R3t 



Offset Balancing Circuit 


R5 R4 

160K 100K 



Unity Gain Inverting Amplifier 


R4 

20K 



FET Operational Amplifier 
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LM709A 


absolute maximum ratings 


Supply Voltage 

±1 8V 

Power Dissipation (Note 1) 

300 mW 

Differential Input Voltage 

±5V 

Input Voltage 

±10V 

Output Short-Circuit Duration (T A = 25°C) 

5 sec 

Storage Temperature Range 

-65° C to +150°C 

Operating Temperature Range 

-55° C to +125°C 

Lead Temperature (Soldering, 10 sec) 

300° C 


electrical characteristics (Note 2) 


PARAMETER 

CONDITIONS 

MIN 

TYP 

MAX 

UNITS 

Input Offset Voltage 

Ta = 25°C, Rs <; 10 kI2 


0.6 

2.0 

mV 

Input Bias Current 

T a = 25°C 


100 

200 

nA 

Input Offset Current 

T a = 25°C 


10 

50 

nA 

Input Resistance 

T A = 25°C 

350 

700 


k£2 

Output Resistance 

T A = 25°C 


150 


n 

Supply Current 

T a = 25°C, V s = ±15V 


2.5 

3.6 

mA 

Transient Response 

V IN = 20 mV,C L ^100 pF 





Risetime 

T a = 25°C 



1.5 

Ms 

Overshoot 




30 

% 

Slewing Rate 

T a = 25° C 


0.25 


V/m s 

Input Offset Voltage 

R s <10k£2 



3.0 

mV 

Average Temperature Coefficient 

R s = 50n T A = 2^°C to +125°C 
T a = 25° C to -55°C 


1.8 

10 

mv/°c 

of Input Offset Voltage 


1.8 

10 

mv/°c 


R s = 10 kJl = 25°C to +125°C 


2.0 

15 

mv/°c 


T a = 25° C to -55°C 


4.8 

25 

mv/°c 

Large-Signal Voltage Gain 

V s = ±15V, R ,_ > 2 kf2 

V O uT = ±10V 

25,000 


70,000 


Output Voltage Swing 

V s = ±15V, R L = 10 k^ 

±12 

±14 


V 


V s = ±15V, R L = 2 k£2 

±10 

±13 


V 

Input Voltage Range 

V s = ±15V 

±8.0 



V 

Common Mode Rejection Ratio 

R s ^10k£2 

80 

110 


dB 

Supply Voltage Rejection Ratio 

R s ^10k£2 


40 

100 

mv/v 

Input Offset Current 

T a = +125°C 


3.5 

50 

nA 


T a = -55°C 


40 

250 

nA 

Input Bias Current 

T a = -55°C 


300 

600 

nA 

Input Resistance 

T a = -55°C 

85 

170 


k£2 


Note 1 : For operating at elevated temperatures, the device must be derated based on a 1 50° C maximum junction temperature 
and a thermal resistance of 150°C/W junction to ambient or 45°C/W junction to case for the metal can package. 

Note 2: These specifications apply for -55°C < T A < +125°C, ±9V < V s < ±15V, C<\ = 5000 pF, F^ = 1.5K, C 2 = 200 pF 
and R 2 = 51£2 unless otherwise specified. 
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CLOSED-LOOP VOLTAGE GAIN (dB) INPUT BIAS CURRENT (nA) INPUT BIAS CURRENT (nA) 


guaranteed performance characteristics 

Input Common Mode 

Output Voltage Swing Voltage Range 




9 10 11 12 13 14 15 

SUPPLY VOLTAGE U.V) 








: 


- 

- 

- 

' 


r 

r 

* 

> 

























M 

a 

r 


a 



3 

j 



9 10 11 12 13 14 15 

SUPPLY VOLTAGE <±V) 


9 10 11 12 13 14 15 

SUPPLY VOLTAGE ( t V) 


typical performance characteristics 


Input Bias Current as a Function 
of Ambient Temperature 



-60 -20 20 60 100 140 

TEMPERATURE ("Cl 


Input Offset Current as a Function 
of Ambient Temperature 



-60 -20 20 60 100 140 

TEMPERATURE |°C) 


Maximum Power Dissipation 



25 45 65 85 105 125 

AMBIENT TEMPERATURE (°C) 


Input Bias Current as a Function 
of Supply Voltage 



9 10 11 12 13 14 15 

SUPPLY VOLTAGE (± V) 


Slew Rate as a Function of 
Closed-Loop Gain Using 
Recommended 
Compensation Networks 


10 100 1000 
CLOSED-LOOP GAIN 


Supply Current 



-75 -50 -25 0 25 50 75 100 125 

TEMPERATURE ( C) 


Frequency Responce For 
Various Closed -Loop Gains 


V s = ± 15V 
|T a = 25°C 


c, -10pf.hu 

R] = 0,C 2 = 3pF 

■i i n r i h i '| 

C,= 100pF.| I I I 
R,= 1 .5kS2 ,C 2 = 3pF 

rom: 

R,= 1.5kS2,C 2 = 20pF 
i i n 1 r i i n | M il - 

Ct = 5000pF, | | HI 
R, = 1.5kS2,C 2 = 200pF 


100 IK 10K 100K 1 M 10M 

FREQUENCY (Hz) 


Output Voltage Swing as 
a Function of Frequency 



IK 10K 100K 1M 10M 

FREQUENCY (Hz) 


Output Voltage Swing 
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LM709 


Operational Amplifiers 


LM709C operational amplifier 
general description 

The LM709C is a monolithic operational amplifier 
intended for general-purpose applications. Opera- 
tion is completely specified over the range of volt- 
ages commonly used for these devices. The design, 
in addition to providing high gain, minimizes both 
offset voltage and bias currents. Further, the class-B 
output stage gives a large output capability with 
minimum power drain. 

External components are used to frequency com- 
pensate the amplifier. Although the unity-gain 
compensation network specified will make the 
amplifier unconditionally stable in all feedback 


configurations, compensation can be tailored to 
optimize high-frequency performance for any gain 
setting. 

The fact that the amplifier is built on a single 
silicon ship provides low offset and temperature 
drift at minimum cost. It also ensures negligible 
drift due to temperature gradients in the vicinity 
of the amplifier. 

The LM709C is commercial-industrial version of 
the LM709. It is identical to the LM709 except 
that it is specified for operation from 0°C to 
70°C. 


schematic and connection diagrams 



Metal Can INPUT 

FREQUENCY 



Note: Pin 4 connected to case. 

Order Number LM709CH 
See Package 1 1 



typical applications' 


Order Number LM709CN 
See Package 22 


Voltage Follower 



Offset Balancing Circuit 

R5 R4 

160K 100K 


R3^ Cl 
430K ^*5000 pF 


*To be used with any 
capacitive loading on output. 
tShould be equal to ' 

dc source resistance on input. 

Unity Gain Inverting Amplifier 


*To be used with any capacitive 
loading on output. 


FET Operational Amplifier 


*To be used with any 
capacitive loading on output. 

* Pin connections shown are for R5 
metal can package. 10K 




To be used with any capacitive 
loading on output. 
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absolute maximum ratings 


Supply Voltage ±18V 

Power Dissipation (Note 1) 250 mW 

Differential Input Voltage ±5V 

Input Voltage ±10V 


Output Short-Circuit Duration (T A = 25°C) 5 sec 

Storage Temperature Range -65°C to +150°C 

Operating Temperature Range 0°C to +70°C 

Lead Temperature (Soldering, 10 sec) 300°C 


electrical characteristics (Note 2) 

PARAMETER 

CONDITION 

MIN 

TYP 

MAX 

UNITS 

Input Offset Voltage 

T a = 25°C, R s < lOkft 


2.0 

7.5 

mV 

Input Offset Current 

T a = 25° C 


100 

500 

nA 

Input Bias Current 

T a = 25° C 


0.3 

1.5 

juA 

Input Resistance 

T a = 25° C 

50 

250 


kn 

Output Resistance 

T a = 25°C 


150 


n 

Supply Current 

T a = 25°C, V s = ±15V 


2.6 

6.6 

mA 

Transient Response 

V| N = 20mV, C L <100pF 





Risetime 

T a = 25° C 


0.3 

1.0 

Ms 

Overshoot 



10 

30 

% 

Slewing Rate 

T a = 25°C 


0.25 


V/ms 

Input Offset Voltage 

R s < lOkft 



10 

mV 

Average T emperature 





mv/° c 

Coefficient of Input 

R s = 5012 


6.0 


Offset Voltage 

R s = lOkft 


12 


mv/°c 

Large-Signal 

V s = ±15V, R l > 2 kH 





Voltage Gain 

V OU T = ± 10V 

15,000 

45,000 



Output Voltage Swing 

V s = ±15V, R L = lOkft 

±12 

±14 


V 


V s = ±15V, R L = 2 k£7 

±10 

±13 


V 

Input Voltage Range 

V s = ±15V 

±8.0 

±10 


V 

Common Mode 






Rejection Ratio 

R s < 10kl2 

65 

90 


dB 

Supply Voltage 






Rejection Ratio 

R s <10k£2 


25 

200 

mv/v 

Input Offset Current 

T a = +70° C 


75 

400 

nA 


T a = 0°C 


125 

750 

nA 

Input Bias Current 

T a = 0°C 


0.36 

2.0 

ma 


Note 1: For operating at elevated temperatures, the device must be derated 
based on a 100°C maximum junction temperature and a thermal resistance 
of 45°C/W junction to case or 150°C/W junction to ambient for the metal 
can package. For the flat package, the derating is based on a thermal 
resistance of 185°C/W when mounted on a 1/16-inch-thick, epoxy-glass 
board with ten, 0.03-inch-wide, 2-ounce copper conductors. 

Note 2: These specifications apply for 0°CST A <^+70°C, ±9V V 3 5^±1 5V, 
C-| = 5000 pF, R-j = 1.5K, C 2 = 200 pF and R 2 = 5l£2 unless otherwise 
specified. 
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LM709C 


guaranteed performance characteristics 


Output Voltage Swing 



Input Common Mode 
Voltage Range 



9 10 11 12 13 14 15 

SUPPLY VOLTAGE (±V) 


Voltage Gain 



9 10 11 12 13 14 15 

SUPPLY VOLTAGES (±V) 


typical performance characteristics 



0 20 40 60 80 

TEMPERATURE (°C) 


Output Voltage Swing 



0 10 20 30 40 50 

OUTPUT CURRENT (±mA) 



9 10 11 12 13 14 15 

SUPPLY VOLTAGES (±V) 


Frequency Responce For 
Various Closed- loop Gains 
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Operational Amplifiers 


LM725A/LM725/LM725C instrumentation operational amplifier 
general description features 


The LM725A/LM725/LM725C are operational am- 
plifiers featuring superior performance in applica- 
tions where low noise, low drift, and accurate 
closed-loop gain are required. With high common 
mode rejection and offset null capability, it is 
especially suited for low level instrumentation 
applications over a wide supply voltage range. 

The LM725A has tightened electrical performance 
with higher input accuracy and like the LM725, is 
guaranteed over a -55°C to +125°C temperature 
range. The LM725C has slightly relaxed specifica- 
tions and has its performance guaranteed over a 
0°C to 70°C temperature range. 


features 

■ High open loop gain 3,000,000 

■ Low input voltage drift 0.6/iV/°C 

■ High common mode rejection 120dB 

■ Low input noise current 0.15 pA/\/Hz 

■ Low input offset current 2 nA 

■ High input voltage range ±14V 

■ Wide power supply range ±3V to ±22 V 

■ Offset null capability 

■ Output short circuit protection 


schematic and connection diagrams 


Meta! Can Package 


-0-- -Jvv~ O-H 

Li 

r 

171 

i 

L 

L 

i: 



L R1 , 


£T 

K 


k 




p 

„ 

, 

5 



TOP VIEW 

Order Number LM725H or 
LM725AH or LM725CH 
See Package 1 1 


Dual-In-Line Package 


auxiliary circuits 

Voltage Offset Null Circuit 


Frequency Compensation Circuit 




Compensation Component Values 


*Use R3 = 5inwhen the 
amplifier is operated with 
capacitive load. 


a vcl 

R1 

(ft) 

Cl 

<pF) 

R2 

(ft) 

C2 

(AiF) 

10,000 

10K 

50 pF 

- 

- 

1,000 

470 

.001 

- 

_ 

100 

47 

.01 

- 

- 

10 

27 

05 

270 

0015 

1 

10 

05 

39 

02 



Order Number LM725CN 
See Package 20 


Dual-In-Line Package 



Order Number LM725D 
See Package 1 
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LM725A/LM725/LM725C 


LM725A 






absolute maximum ratings 





Supply Voltage 

±22V 





Internal Power Dissipation (Note 1) 

500 mW 





Differential Input Voltage 

±5V 





Input Voltage (Note 2) 

±22 V 





Storage Temperature Range 

-65°C to +150°C 





Operating Temperature Range 

-55° C to +125°C 





Lead Temperature (Soldering, 10 sec) 

300° C 





electrical characteristics (Note 3) 





PARAMETER 

CONDITIONS 

MIN 



UNITS 

Input Offset Voltage (Without External Trim) 

T a = 25°C, R s ^ lOkft 



0.5 

mV 

Input Offset Current 

T a = 25°C 


2.0 


nA 

Input Bias Current 

T a = 25°C 


42 

80 

nA 

Input Noise Voltage 

T a = 25°C, f Q = 10 Hz 


15 


nV/VHz 


f 0 = 100 Hz 


9.0 


nV/\/Hz 


f 0 = 1 kHz 


8.0- 


nV/v/Hz 

Input Noise Current 

T a = 25°C, f 0 = 10 Hz 


1.0 


pA/\/Hz 


f Q = 100 Hz 


0.3 


pA/\/Hz 


f 0 = 1 kHz 


0.15 


pA/VFTz 

Input Resistance 

T a = 25°C 


1.5 



Input Voltage Range 

T a = 25°C 

±13.5 

±14 


V 

Large Signal Voltage Gain 

T a = 25° C, R L > 2 kfi, Vqut = ±10V 

1,000,000 




Common Mode Rejection Ratio 

T A = 25°C, R s ^ 10 kO 

120 



dB 

Power Supply Rejection Ratio 

T a = 25°C, R s ^ 10 kfZ 


2.0 

5.0 

/iV/V 

Output Voltage Swing 

T a = 25°C, R l > lOkft 

±12.5 

±13.5 


V 


R L ^2k£2 

±12.0 

±13.5 


V 

Power Consumption 

T a = 25°C 


80 

105 

mW 

Input Offset Voltage (Without External Trim) 

R s <, lOkft 



0.7 

mV 

Average Input Offset Voltage Drift 

R s = 50£2 



2.0 

AiV/°C 

(Without External Trim) 






Average Input Offset Voltage Drift 

R s = 50fi 


0.6 

1.0 

/LlV/°C 

(With External Trim) 






Input Offset Current 

T a = +125°C 


1.2 

4.0 

nA 


T a = -55°C 


7.5 

18.0 

nA 

Average Input Offset Current Drift 



35 

90 

pA/°C 

Input Bias Current 

T a = +125°C 


20 

70 

nA 


T a = -55°C 


80 

180 

nA 

Large Signal Voltage Gain 

R L ^2kft,T A = +125°C 

1,000,000 





R L ^ 2 k ft, T a = -55°C 

500,000 




Common Mode Rejection Ratio 

R s <, lOkft 

110 



dB 

Power Supply Rejection Ratio 

R s <, lOkft 



8.0 

JLtV/V 

Output Voltage Swing 

R L ^2kft 

±12 



V 

Note 1: Derate at 150°C/W for operation at ambient temperatures above 75°C. 





Note 2: For supply voltages less than ±22 V, the absolute maximum input voltage is equal to the 



supply voltage. 

Note 3: These specifications apply for Vg = 

t15V unless otherwise specified. 
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absolute maximum ratings 





Supply Voltage 

±22 V 





Internal Power Dissipation (Note 1) 

500 mW 





Differential Input Voltage 

±5V 





Input Voltage (Note 2) 

±22 V 





Storage Temperature Range 

-65°C to +150°C 





Operating Temperature Range 

-55°C to +125°C 





Lead Temperature (Soldering, 10 sec) 

300°C 





electrical characteristics (Note 3) 





PARAMETER 

CONDITIONS 

MIN 

TYP 

MAX 

UNITS 

Input Offset Voltage (Without External Trim) 

T A = 25°C, R s ^ lOkft 


0.5 

1.0 

mV 

Input Offset Current 

T a = 25°C 


2.0 

20 

nA 

Input Bias Current 

T a = 25°C 


42 

100 

nA 

Input Noise Voltage 

T A = 25°C, f 0 = 10 Hz 


15 


nV/\/Hz 


f Q = 100 Hz 


9.0 


nV/v/Hz 


f 0 = 1 kHz 


8.0 


nV/\/Hz 

Input Noise Current 

T A = 25°C, f 0 = 10 Hz 


1.0 


pA/VHi 


f 0 = 100 Hz 


0.3 


pA/\/Hz 


f Q = 1 kHz 


0.15 


pAA/Hz 

Input Resistance 

T a = 25°C 


1.5 


Mft 

Input Voltage Range 

Ta = 25°C 

±13.5 

±14 


V 

Large Signal Voltage Gain 

T a = 25°C, R L > 2 kO, V OUT = ±10V 

1,000,000 

3,000,000 



Common Mode Rejection Ratio 

T A = 25°C, R s ^ 10kl2 

110 

120 


dB 

Power Supply Rejection Ratio 

T a = 25°C, R s ^ 10k£2 


2.0 

10 

pV/V 

Output Voltage Swing 

T a = 25°C, R l > 10 k^2 

±12 

±13.5 


V 


R L ^2kl2 

±10 

±13.5 


V 

Power Consumption 

T a = 25°C 


80 

105 

mW 

Input Offset Voltage (Without External Trim) 

R s <, 10 k£2 



1.5 

mV 

Average Input Offset Voltage Drift 

R s = 50H 


2.0 

5.0 

pV/°C 

(Without External Trim) 






Average Input Offset Voltage Drift 

R s = 50£2 


0.6 


pV/° C 

(With External Trim) 






Input Offset Current 

T a = +125°C 


1.2 

20 

nA 


T a = -55°C 


7.5 

40 

nA 

Average Input Offset Current Drift 



35 

150 

pA/°C 

Input Bias Current 

T a = +125°C 


20 

100 

nA 


T a = -55°C 


80 

200 

nA 

Large Signal Voltage Gain 

R L ^2kft,T A = +125°C 

1,000,000 





R L ^ 2 k£2, T a = -55° C 

250,000 




Common Mode Rejection Ratio 

R s <, 10 kft 

100 



dB 

Power Supply Rejection Ratio 

R s ^ 10 k^ 



20 

pV/V 

Output Voltage Swing 

R L ^2kn 

±10 



V 

Note 1: Derate at 150°C/W for operation at ambient temperatures above 75°C. 





Note 2: For supply voltages less than ±22V, the absolute maximum input voltage is equal to the 



supply voltage. 






Note 3: These specifications apply for Vg = 

±15V unless otherwise specified. 
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LM725A/LM725/LM725C 


LM725C 






absolute maximum ratings 





Supply Voltage 

±22 V 





Internal Power Dissipation (Note 1) 

500 mV 





Differential Input Voltage 

±5V 





Input Voltage (Note 2) 

±22 V 





Storage Temperature Range 

-65°C to +150°C 





Operating Temperature Range 

0°C to +70° C 





Lead Temperature (Soldering, 10 sec) 

300°C 





electrical characteristics (Note 3) 





PARAMETER 

CONDITIONS 

MIN 

TYP 

MAX 

UNITS 

Input Offset Voltage (Without External Trim) 

T a = 25°C, R s ^ 10 k!2 


0.5 

2.5 

mV 

Input Offset Current 

T a = 25°C 


2.0 

35 

nA 

Input Bias Current 

T a = 25° C 


42 

125 

nA 

Input Noise Voltage 

T a = 25°C, f Q = 10 Hz 


15 


nVA/Hz 


f G = 100 Hz 


9.0 


nV/\/Hz 


f 0 = 1 kHz 


8.0 


nV/\/Hz 

Input Noise Current 

T a = 25°C, f Q = 10 Hz 


1.0 


pA/\/Hz 


f 0 = 100 Hz 


0.3 


pA/\/Hz 


f Q = 1 kHz 


0.15 


pA/VFTz 

Input Resistance 

T a = 25° C 


1.5 


M12 

Input Voltage Range 

T a = 25°C 

±13.5 

±14 


V 

Large Signal Voltage Gain 

T a = 25°C, R L > 2 k!2, Vqut = ±10V 

250,000 

3,000,000 



Common Mode Rejection Ratio 

T A = 25°C, R s <, 10kl2 

94 

120 


dB 

Power Supply Rejection Ratio 

T A = 25°C, R s ^ 10 k!2 


2.0 

35 

AtV/V 

Output Voltage Swing 

T a = 25°C, R l > 10 k!2 

±12 

±13.5 


V 


R L > 2 k!2 

±10 

±13.5 


V 

Power Consumption 

T a =25°C 


80 

150 

mW 

Input Offset Voltage (Without External Trim) 

R s <. 10 k!2 



3.5 

mV 

Average Input Offset Voltage Drift 

R s = 5012 


2.0 


/iV/°C 

(Without External Trim) 






Average Input Offset Voltage Drift 

R s = 5012 


0.6 


/iV/°C 

(With External Trim) 






Input Offset Current 

T a = +70°C 


1.2 

35 

nA 


T a = 0°C 


4.0 

50 

nA 

Average Input Offset Current Drift 



10 


pA/°C 

Input Bias Current 

T a = +70°C 



125 

nA 


t a = o°c 



250 

nA 

Large Signal Voltage Gain 

R L > 2 k!2, T a =+70°C 

125,000 





R L ^2kl2, T a = 0°C 

125,000 




Common Mode Rejection Ratio 

R s <. 10 k!2 


115 


dB 

Power Supply Rejection Ratio 

R s ^ 10kl2 


20 


MV/V 

Output Voltage Swing 

R l ^ 2 k!2 

±10 



V 

Note 1: Rating applies for case temperature to 70° C. 





Note 2: For supply voltages less than ±22V, the absolute maximum input voltage is equal to the 



supply voltage. 






Note 3: These specifications apply for Vg 

= ±15V unless otherwise specified. 
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typical performance characteristics 


Open Loop Voltage Gain vs 
Temperature for Various 
Supply Voltages 


Nulled Input Offset 
Voltage vs Temperature 


Unnulled Input Offset 
Voltage vs Temperature 
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Input Noise Voltage 
vs Frequency 
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Input Noise Current 
vs Frequency 
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Values for Suggested 
Compensation Networks for 
Various Closed Loop 
Voltage Gains 



100 Ik 10k 
FREQUENCY (Hz) 


Output Voltage Swing vs 
Frequency for Recommended 
Compensation Networks 


100 Ik 10k 
FREQUENCY (Hz) 


Open Loop Voltage Gain vs 
Frequency Using Recommended 
Compensation Networks 
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CLOSER LOOP GAIN (V/V) 

Frequency Response for 
Various Closed-Loop Gains 
Using Recommended 
Compensation Networks 
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LM725A/LM725/LM725C 


typical performance characteristics (con't) 


Change in Input Offset 
Voltage Due to Thermal 
Shock vs Time 



-20 0 20 40 60 80 100 


TIME FROM HEAT APPLICATION (sec) 


Absolute Maximum Power 
Dissipation vs Ambient 
Temperature 



25 45 65 85 105 125 

TEMPERATURE (°C) 


Stabilization Time of Input 
Offset Voltage from Power 
Turn-On 



0 12 3 4 

TIME FROM POWER APPLICATION (MIN) 


Power Consumption 
vs Temperature 




0 2 4 6 8 


TEMPERATURE (°C) 


TIME (ns) 


Transient Response Test Circuit 
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Operational Amplifiers 


LM741/LM741C operational amplifier 
general description 


The LM741 and LM741C are general purpose 
operational amplifiers which feature improved per- 
formance over industry standards like the LM709. 
They are direct, plug-in replacements for the 
709C, LM201, M Cl 439 and 748 in most 

applications. 

The offset voltage and offset current are guaran- 
teed over the entire common mode range. The 
amplifiers also offer many features which make 


their application nearly foolproof: overload pro- 
tection on the input and output, no latch-up when 
the common mode range is exceeded, as well as 
freedom from oscillations. 

The LM741C is identical to the LM741 except 
that the LM741C has its performance guaranteed 
over a 0°C to 70°C temperature range, instead of 
-55° C to 125°C. 




Note: Pin 4 connected to case. 


Order Number LM741H or LM741CH 
See Package 1 1 




Note: Pin 5 connected to bottom of package. 


Order Number LM741F 
See Package 3 



Order Number LM741CN 
See Package 20 


Order Number LM741CD 
See Package 1 

Order Number LM741CN-14 
See Package 22 
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LM741/LM741C 



LM741/741C 


absolute maximum ratings 


Supply Voltage LM741 
LM741C 

Power Dissipation (Note 1 ) 

Differential Input Voltage 
Input Voltage (Note 2) 

Output Short-Circuit Duration 
Operating Temperature Range LM741 
LM741C 

Storage Temperature Range 

Lead Temperature (Soldering, 10 sec) 


±22V 
±18V 
500 mW 
±30V 
±15V 
Indefinite 
-55°C to 125°C 
0°C to 70° C 
-65°C to 150°C 
300° C 


electrical characteristics (Note 3) 


Input Offset Voltage 


Input Offset Current 


Input Bias Current 


Large Signal Voltage Gam 


Input Offset Voltage 


Input Offset Current 


Large Signal Voltage Gain 


Output Voltage Swing 


T a = 25 C, R s < 10 kH 


T a = 25 C. V s = ±15V 


T a = 25 C, V s = ±15V 
V OU t = ±10V, R, > 2 kS2 


V S = ±15V, V OU t = ± 10V 
R L > 2 kS2 


V s = ±15V, R l = 10 kS2 
Ri = 2 kS2 


Input Voltage Range V S = ±15V ±12 

Common Mode „ „ „„ . ,, 

Rejection Ratio Rs - ,0 k!! 70 

Supply Voltage R s <,0kil 77 

Rejection Ratio 


Note 1: The maximum junction temperature of the LM741 is 150°C, while that of the LM741C is 
100°C. For operating at elevated temperatures, devices in the TO-5 package must be derated based on 
a thermal resistance of 150°C/W, junction to case. 

Note 2: For supply voltages less than ±15V, the absolute maximum input voltage is equal to the 
supply voltage. 

Note 3: These specifications apply for Vg = ±15V and -55°C < T/\ < 125°C, unless otherwise 
specified. With the LM741C, however, all specifications are limited to 0°C < T^ < 70°C and Vs=±15V. 
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Operational Amplifiers 


LM747/LM747C dual operational amplifier 


general description 


The LM747 and the LM747C are general purpose 
dual operational amplifiers. The two amplifiers 
share a common bias network and power supply 
leads. Otherwise, their operation is completely 
independent. 


features 

■ No frequency compensation required 

■ Short-circuit protection 

■ Wide common-mode and differential voltage 
ranges 


■ Low-power consumption 

■ No latch-up 

■ Balanced offset null 

Additional features of the LM747 and LM747C 
are: no latch-up when input common mode range 
is exceeded, freedom from oscillations, and pack- 
age flexibility. 

The LM747C is identical to the LM747 except 
that the LM747C has its specifications guaranteed 
over the temperature range from 0°C to 70°C 
instead of -55°C to +125°C. 


schematic diagram (each amplifier) 



connection diagrams 

Metal Can Package 


Dual-ln-Line Packages 





Order Number LM747H or LM747CH 
See Package 14 


Order Number LM747F or l 
See Package 4 


Order Number LM747D or LM747CD 
See Package 1 
Order Number LM747CN 
See Package 22 
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LM747/LM747C 


absolute maximum ratings 








Supply Voltage LM747 

LM747C 

Power Dissipation (Note 1) 

Differential Input Voltage 

Input Voltage (Note 2) 

Output §hort-Circuit Duration 

Operating Temperature Range LM747 

LM747C 

Storage Temperature Range 

Lead Temperature (Soldering, 10 sec) 

±22V 

±18V 

800 mW 
±30V 
±15V 
Indefinite 
-55°C to 125°C 

0°C to 70°C 
-65°C to 1 50°C 

300° C 





electrical characteristics (Note 3) 








PARAMETER 

CONDITIONS 

LM747 

LM747C 

UNITS 

MIN 


MAX 

MIN 

TYP 

MAX 

Input Offset Voltage 

T a = 25°C, R s < 10kft 


1.0 

5.0 


1.0 

6.0 

mV 

Input Offset Current 

T a = 25° C 


80 

200 


80 

200 

nA 

Input Bias Current 

T A = 25° C 


200 

500 


200 

500 

nA 

Input Resistance 

T a = 25°C 

0.3 

1.0 


0.3 

1.0 



Supply Current Both 
Amplifiers 

Large Signal Voltage Gain 

T A = 25°C, V S = ±15V 

T A = 25°C, V S = ±15V 
V OU T ~ ±10V, R L > 2 k£2 

50 

3.0 

160 

5.6 

50 

3.0 

160 

5.6 

mA 

V/mV 

Input Offset Voltage 

R s < lOkft 



6.0 



7.5 

mV 

Input Offset Current 




500 



300 

nA 

Input Bias Current 




1.5 



0.8 

pA 

Large Signal Voltage Gain 

V s = ±15V, V OUT = ±10V 
R l >2 kft 

25 



25 



V/mV 

Output Voltage Swing 

V S = ±15V, R l = lOkft 

R L = 2ld2 

±12 

±10 

±14 

±13 


±12 

±10 

±14 

±13 


V 

V 

Input Voltage Range 

V s = ±15V 

±12 



±12 



V 

Common Mode 

Rejection Ratio 

R s < 10 k£2 

70 

90 


70 

90 


dB 

Supply Voltage 

Rejection Ratio 

R s <10k£2 

77 

96 


77 

96 


dB 

Note 1: The maximum junction temperature of the LM747 is 150°C, while that of the LM747C is 

100° C. For operating at elevated temperatures, devices in the TO-5 package must be derated based on 
a thermal resistance of 150°C/W, junction to ambient, or 45°C/W, junction to case. For the flat 
package, the derating is based on a thermal resistance of 185°C/W when mounted on a 1/1 6-inch- 
thick epoxy glass board with ten, 0.03-inch-wide, 2-ounce copper conductors. The thermal resis- 
tance of the dual-in-line package is 100° C/W, junction to ambient. 

Note 2: For supply voltages less than ±15V, the absolute maximum input voltage is equal to the 
supply voltage. 

Note 3: These specifications apply for Vs = ±15V and -55°C < T/\ < 125°C, unless otherwise 
specified. With the LM747C, however, all specifications are limited to 0 °C<Ta< 70°C Vs = ±15V. 
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typical performance characteristics 


Input Bias and Offset Currents 
vs Ambient Temperature 
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Output Voltage Swing 
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Range vs Supply Voltage 
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Frequency Characteristics vs 
Ambient Temperature 



-60 -20 20 60 100 140 

AMBIENT TEMPERATURE (°C) 




-60 -20 20 60 100 140 

TEMPERATURE f°C) 


Frequency Characteristics vs 
Supply Voltage 


Output Resistance vs 
Frequency 


Open Loop Transfer 
Characteristics vs Frequency 



SUPPLY VOLTAGE (±V) 


FREQUENCY (Hz) 


FREQUENCY (Hz) 
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Operational Amplifiers 


LM748/LM748C operational amplifier 
general description 


The LM748/LM748C is a general purpose opera- 
tional amplifier built on a single silicon chip. The 
resulting close match and tight thermal coupling 
gives low offsets and temperature drift as well as 
fast recovery from thermal transients. In addition, 
the device features: 

■ Frequency compensation with a single 30 pF 
capacitor 

■ Operation from ±5V to ±20V 

■ Low current drain: 1.8 m A at ±20V 

■ Continuous short-circuit protection 

■ Operation as a comparator with differential in- 
puts as high as ±30V 


■ No latch-up when common mode range is 
exceeded. 

■ Same pin configuration as the LM101 . 

The unity-gain compensation specified makes the 
circuit stable for all feedback configurations, even 
with capacitive loads. However, it is possible to 
optimize compensation for best high frequency 
performance at any gain. As a comparator, the 
output can be clamped at any desired level to make 
it compatible with logic circuits. 

The LM748 is specified for operation over the 
-55°C to +125°C military temperature range. The 
LM748C is specified for operation over the 0°C 
to +70°C temperature range. 


connection diagrams 


COMPENSATION 



Order Number LM748H or LM748CH 
See Package 11 


typical applications 



Order Number LM748CN 
See Package 20 


Inverting Amplifier with Balancing Circuit 

R1 R2 



Voltage Comparator for Driving 
DTL or TTL Integrated Circuits 



Low Drift Sample and Hold 



Voltage Comparator for Driving 
RTL Logic or High Current Driver 


OUTPUT 
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LM748/LM748C 


absolute maximum ratings 





Supply Voltage 


±22V 




Power Dissipation (Note 1) 

500 mW 




Differential Input Voltage 


±30V 




Input Voltage (Note 2) 


±15V 




Output Short-Circuit Duration (Note 3) Indefinite 




Operating Temperature Range: 

LM748 -55°C to +125°C 





LM748C 0°C to +70° C 




Storage Temperature Range 

-65° C to +150°C 




Lead Temperature (Soldering, 10 sec) 

300 C 




electrical characteristics (Note 4) 





PARAMETER 

CONDITIONS 

MIN 

TYP 

MAX 

UNITS 

Input Offset Voltage 

T a = 25°C, R s <10kn 


1.0 

5.0 

mV 

Input Offset Current 

T a = 25°C 


40 

200 

nA 

Input Bias Current 

T a = 25°C 


120 

500 

nA 

Input Resistance 

T a = 25° C 

300 

800 


k a 

Supply Current 

T a = 25°C, V s = ±15V 


1.8 

2.8 

mA 

Large Signal Voltage Gain 

T a = 25°C, V s = ±1 5V 






V OUT = ± 10V, R L > 2 k£2 

50 

160 


V/mV 

Input Offset Voltage 

R s < 10 kfi 



6.0 

mV 

Average Temperature 

R s <50£2 


3.0 


/A//°C 

Coefficient of Input Offset 






Voltage 

R s <10kO 


6.0 


juV/°C 

Input Offset Current 

T A = 0°C to 70° C 



300 

nA 


T a = -55°C to 125°C 



500 

nA 

Input Bias Current 

T a = 0°C to 70° C 



0.8 

JttA 


T a = -55° C to 125°C 



1.5 

iuA 

Supply Current 

T a =+125°C, V s =±15V 


1.2 

2.25 

mA 


T a = -55°C to 125°C 


1.9 

3.3 

mA 

Large Signal Voltage Gain 

V s = ±15V, V 0UT = ±10V 






R L >2 K£2 

25 



V/mV 

Output Voltage Swing 

V s = ±15V, R L = 1017 

±12 

±14 


V 


R L = 2 k!2 

±10 

±13 


V 

Input Voltage Range 

V S = ±15V 

±12 



V 

Common Mode Rejection Ratio 

R s < 10kft 

70 

90 


dB 

Supply Voltage Rejection Ratio 

R s < 10 k!2 

77 

90 


dB 

Note 1: For operating at elevated temperatures the devices must be derated based on a maximum 


junction to case thermal resistance of 45° C per watt, or 150°C per watt junction to ambient. (See Curves). 


Note 2: For supply voltages less than ±15V, the absolute maximum input voltage 

is equal to the 


supply voltage. 






Note 3: Continuous short circuit is allowed for case temperatures to +125°C and ambient tempera- 


tures to +70°C. 






Note 4: These specifications apply for ±5V < Vc < +15V and - 

55° C < Ta 

C 125°C, unless 


otherwise specified. With the 

LM748C, however, all temperature 

specifications 

are limited 

to 


0°C < T A < 70°C. 
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VOLTAGE GAIN (dB) OUTPUT SWING (±V) SUPPLY CURRENT (mA) _l, INPUT VOLTAGE RANGE (±V) 


—jo 



1 10 100 IK 10K 100K 1M 10M 

FREQUENCY (Hz) 


10K 100K 111 

FREQUENCY (Hz) 


0 10 20 30 40 50 60 70 
TIME (/a) 


2-237 


LM748/LM748C 







LM1558/LM1458 


DOS Operational Amplifiers 


LM1558/LM1458 dual operational amplifier 


general description 

The LM1558 and the LM 1458 are general purpose 
dual operational amplifiers. The two amplifiers 
share a common bias network and power supply 
leads. Otherwise, their operation is completely 
independent. Features include: 

■ No frequency compensation required 

■ Short-circuit protection 

■ Wide common-mode and differential voltage 
ranges 


■ Low-power consumption 

■ 8-lead TO-5 and 8-lead mini DIP 

■ No latch up when input common mode range is 
exceeded 


The LM1458 is identical to the LM1558 except 
that the LM1458 has its specifications guaranteed 
over the temperature range from 0°C to 70°C 
instead of -55°C to +125°C. 


schematic and connection diagrams 



Metal Can Package 



Dual-1 n-Line Package 



TOPVIIW 


Dual-I n-Line Package 



Order Number LM1458H or LM1558H 
See Package 1 1 


Order Number LM1458N 
See Package 20 


Order Number LM1458-14 
See Package 22 
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absolute maximum ratings 


Supply Voltage LM1558 

±22 V 

Output Short-Circuit Duration 

Indefinite 

LM1458 

±18V 

Operating Temperature Range LM1558 

-55° C to 125°C 

Power Dissipation (Note 1) LM1558H/LM1458H 

500 mW 

LM1458 

0°C to 70° C 

LM1458N 

400 mW 

Storage Temperature Range 

-65° C to 150°C 

Differential Input Voltage 

±30V 

Lead Temperature (Soldering, 10 sec) 

300° C 

Input Voltage (Note 2) 

±15V 




electrical characteristics (Note 3) 


PARAMETER 

CONDITIONS 

LM1558 

LM1458 

UNITS 

MIN 


MAX 




Input Offset Voltage 

T a = 25°C, R s < 10 k£2 


1.0 

5.0 


1.0 

6.0 

mV 

Input Offset Current 

T a = 25° C 


80 

200 


80 

200 

nA 

Input Bias Current 

Ta = 25°C 


200 

500 


200 

500 

nA 

Input Resistance 

T a = 25°C 

0.3 

1.0 


0.3 

1.0 


Mn 

Supply Current Both 
Amplifiers 

T A = 25°C. V S = ±15V 


3.0 

5.0 


3.0 

5.6 

mA 

Large Signal Voltage Gain 

T a = 25°C, V s = ±15V 
V OUT = ±10V, R L > 2 kS7 

50 

160 


20 

160 


V/mV 

Input Offset Voltage 

R s < 10 k£2 



6.0 



7.5 

mV 

Input Offset Current 




500 



300 

nA 

Input Bias Current 




1.5 



0.8 

aa 

Large Signal Voltage Gain 

V s = ±15V, V OUT = ±10V 
R L >2k n 

25 



15 



V/mV 

Output Voltage Swing 

V s = ±15V, R l = 10kS2 

±12 

±14 


±12 

±14 


V 


R L = 2kQ 

±10 

±13 


±10 

±13 


V 

Input Voltage Range 

V s = ±15V 

±12 



±12 



V 

Common Mode 

Rejection Ratio 

R s < 10kI2 

70 

90 


70 

90 


dB 

Supply Voltage 

Rejection Ratio 

R s < 10 kn 

77 

96 


77 

96 


dB 


Note 1: The maximum junction temperature of the LM1558 is 150°C, while that of the LM1458 is 100°C. For operating at 
elevated temperatures, devices in the TO-5 package must be derated based on a thermal resistance of 150°C/W, junction to 
ambient or 45°C/W, junction to case. For the DIP the device must be derated based on a thermal resistance of 187°C/W, 
junction to ambient. 

Note 2: For supply voltages less than + 15V, the absolute maximum input voltage is equal to the supply voltage. 

Note 3: These specifications apply for Vg = ±15V and -55°C < T A < 125°C, unless otherwise specified. With the LM1458, 
however, all specifications are limited to 0°C < T A < 70°C and V§ = ±15V. 
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LM290 


Operational Amplifiers 


LM2900 quad amplifier 
general description 

The LM2900 consists of four independent, dual 
input, internally compensated amplifiers which 
were designed specifically for automotive and 
industrial applications. They operate off a single 
power supply voltage and provide a large output 
voltage swing. These amplifiers make use of a 
current mirror to achieve the non-inverting input 
function. 

Applications include: AC amplifiers, RC active 
filters; low frequency triangle, squarewave and 
pulse waveform generation circuits; tachometers 
and low speed, high voltage digital logic gates. 

For additional information, see Application Note 
72, "The LM3900 — A New Current-Differencing 
Quad of ± Input Amplifiers." 


features 

■ Wide single supply 

voltage range 4 V DC to 36 V DC 

■ Supply current drain independent of supply 
voltage 

■ Low input biasing current 30 nA 

■ High open-loop gain 70 dB 

■ Wide bandwidth 2.5 MHz (Unity Gain) 

■ Larger gain-bandwidth product in non-inverting 
mode (A v = 100 @f = 1 MHz) 

■ Large output voltage swing (V + -1)V p . p 

■ I nternally frequency compensated for unity gain 

■ Output short-circuit protection 

■ Eliminates need for dual supplies 

■ Reduces package count 





absolute maximum ratings 

Supply Voltage 

Power Dissipation (T A = 25°C) (Note 1) 

Input Currents, l !N + or l, N - 
Output Short Circuit Duration — One 
Amplifier T A = 25°C 
(See Application Hints) 

Operating Temperature Range 

Storage Temperature Range 

Lead Temperature (Soldering, 10 sec) 


electrical characteristics (V + = + 15 V DC and T a = 25°C unless otherwise noted) 


PARAMETER 

CONDITIONS 

MIN 

TYP 

MAX 

UNITS 

Open Loop 






Voltage Gain 

f= 100 Hz 

1200 

2800 


v/v 

Input Resistance 

Inverting Input 


1 


Mft 

Output Resistance 



8 


kft 

Unity Gain Bandwidth 

Inverting Input (Note 2) 


2.5 


MHz 

Input Bias Current 

Inverting Input 


30 

200 

nA 

Slew Rate 

Positive Output Swing 


0.5 


V //is 


Negative Output Swing 


20 


V/jLlS 

Supply Current 

R l = On All Amplifiers 


6.2 

10 

mA DC 

Output Voltage Swing 

R L = 5.1k 





V 0 ut High 

z 

i 

ii 

o 

z 

+ 

II 

o 

13.5 

14.2 


Vdc 

V OUT Low 

l,N-= 10mA,I,m + = 0 


0.09 

0.2 

Vdc 

Output Current Capability 






Source 


3 

18 


mA DC 

Sink 

(Note 3) 

0.5 

1.3 


mA DC 

Power Supply Rejection 

f = 100 Hz 


70 


dB 

Mirror Gain 

l IN + = 200 /iA (Note 4) 

0.90 

1 

1.1 

juA/juA 

Mirror Current 

(Note 5) 


10 

500 

/iA DC 

Negative Input Current 

(Note 6) 


1.0 


mA DC 


Note 1: For operating at high temperatures, the device must be derated based on a 125°C maximum junction temperature and 
a thermal resistance of 175°C/W which applies for the device soldered in a printed circuit board, operating in a still air ambient. 
Note 2: When used as a "non-inverting amplifier" (see bottom of page 1) the gain-bandwidth product is not limited to 2.5 MHz. 
The isolation provided by the "current mirror" allows a constant unity voltage gain feedback for the main inverting amplifier. 
This means that large values of gain can be achieved at high frequencies and the dominate limit is due to the slew rate of the 
amplifier. For example: a voltage gain of 100 is easily obtained at 1 MHz and an output voltage swing of 160 mVp-p can be 
achieved prior to slew rate limiting. This operational mode is useful for signal frequencies in the 50 kHz to 1 MHz range as would 
be encountered in IF or carrier frequency applications. 

Note 3: The output current sink capability can be increased for large signal conditions by overdriving the inverting input. This 
is shown in the section on Typical Characteristics. 

Note 4: This spec indicates the current gain of the current mirror which is used as the non-inverting input. 

Note 5: Input VgE match between the non-inverting and the inverting inputs occurs for a mirror current (non-inverting 
input current) of approximately 10 pA. This is therefore a typical design center for many of the application circuits. 

Note 6: Clamp transistors are included on the 1C to prevent the input voltages from swinging below ground more than 
approximately -0.3 Vqc. The negative input currents which may result from large signal overdrive with capacitance input 
coupling need to be externally limited to values of approximately 1 mA. Negative input currents in excess of 4 mA will cause 
the output voltage to drop to a low voltage. This maximum current applies to any one of the input terminals. If more than one 
of the input terminals are simultaneously driven negative smaller maximum currents are allowed. Common-mode current bias- 
ing can be used to prevent negative input voltages; for example, see the "Differentiator Circuit" in the applications section. 
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LM2902 



Operational Amplifiers 


LM2902 quad op amp 
general description 

The LM2902 consists of four independent, high 
gain, internally frequency compensated operational 
amplifiers which were designed specifically for 
automotive and industrial control systems. They 
operate from a single power supply over a wide 
range of voltages. Operation from split power 
supplies is also possible and the low power supply 
current drain is independent of the magnitude of 
the power supply voltage. 

unique characteristics 

■ In the linear mode the input common-mode 
voltage range includes ground and the output 
voltage can also swing to ground, even though 
operated from only a single power supply 
voltage. 

■ The unity gain -cross frequency is temperature 
compensated. 

■ The input bias current is also temperature 
compensated. 

Application areas include transducer amplifiers, 
DC gain blocks and all the conventional op amp 
circuits which now can be more easily implemented 
in single power supply systems. For example, 
the LM2902 can be directly operated off of the 
standard +5V DC power supply voltage which is 
used in digital systems and will easily provide the 
required interface electronics without requiring 
the additional ±15V DC power supplies. 

advantages 

■ Eliminates need for dual supplies 


■ Four internally compensated op amps in a * 
single package 

■ Allows directly sensing near GND and V OUT 
also goes to GND 

■ Compatible with all forms of logic 

■ Power drain suitable for battery operation 

features 

■ Internally frequency compensated for unity 
gain 

■ Large DC voltage gain 100 dB 

■ Wide bandwidth (unity gain) 1 MHz 

(temperature compensated) 

■ Wide power supply range 

Single supply 3V DC to26V DC 

or dual supplies ±1.5 V DC to ±13 V DC 

■ Very low supply current drain (800£iA) — 
essentially independent of supply voltage (1 
mW/op amp at +5V DC ) 

■ Low input biasing current 45 nA DC 

(temperature compensated) 

■ Low input offset voltage 2 mV DC 

and offset current 5 nA DC 

■ Input common-mode voltage range includes 
ground 

■ Differential input voltage range equal to the 
power supply voltage 

■ Large output voltage 0V DC to V + - 1.5V DC 
swing 


schematic and connection diagrams 


Dual-In-Line Package 



Order Number LM2902N 
See Package 22 
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absolute maximum ratings 


Supply Voltage, V + 

Differential Input Voltage 
Input Voltage 

Power Dissipation (Notel) 

Output Short-Circuit to GND (Note 2) 
V + < 15 V DC and T A = 25°C 
Operating Temperature Range 
Storage Temperature Range 
Lead Temperature (Soldering, 60 sec) 


32 V DC or ±13 V DC 
26 V DC 
~0.3 Vqc to +26 Vq C 
570 mW 
Continuous 

-40° C to +85°C 
— 65°C to +1 50°C 
300°C 


electrical characteristics (V + = +5V dc and T A = 25°C unless otherwise noted) 


PARAMETER 

CONDITIONS 

MIN 

TYP 

MAX 

UNITS 

Input Offset Voltage 

Rg = 0S7 


2 

10 

mV DC 

Input Bias Current (Note 3) 

l|N<+) or 1 IN(-) 


45 

500 

nA DC 

Input Offset Current 

l|N(+) ~ l|N<-) 


±5 

±50 

nApc 

Input Common-Mode Voltage 
Range (Note 4) 


0 


V + -1 .5 

Vdc 

Supply Current 

r l = oo On All Op Amps 


0.8 

2 

mA DC 

Large Signal Voltage Gain 

R l >2 k£2 


100 


V/mV 

Output Voltage Swing 

R l = 2 kH 

0 


V + -1.5 

Vdc 

Common Mode Rejection 

Ratio 

DC 


85 


dB 

Power Supply Rejection 

Ratio 

DC 


100 


dB 

Amplifier-to-Amplifier 

f = 1 kHz to 20 kHz 


-120 


dB 

Coupling 

(Input Referred) 



Output Current Source 

V|n + = +1 V DC , Vj N - 0 Vqc 

20 

40 


mA DC 

Output Current Sink 

V,n' = +1 V dc ,V in + = 0 V dc 

8 

20 


mA DC 


Note 1: For operating at high temperatures, the LM2902 must be derated based on a +125°C maximum junction temperature 
and a thermal resistance of 175°C/W which applies for the device soldered in a printed circuit board operating in a still air 
ambient. 

Note 2: Short circuits from the output to V + can cause excessive heating and eventual destruction. The maximum output 
current is approximately 40 mA independent of the magnitude of V + . At values of supply voltage in excess of +15 Vqq, 
continuous short-circuits can exceed the power dissipation ratings and cause eventual destruction. 

Note 3: The direction of the input current is out of the 1C due to the PNP input stage. This current is essentially constant, 
independent of the state of the output so no loading change exists on the input lines. 

Note 4: The input common-mode voltage or either input signal voltage should not be allowed to go negative by more than 
0.3V. The upper end of the common-mode voltage range is V + — 1 .5V, but either or both inputs can go to +26V[)c without 
damage. 
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LM2902 


typical performance characteristics 


Supply Current 



Input Current 



0 10 20 30 



-55 -35 -15 5 25 45 65 85 105 125 


V + - SUPPLY VOLTAGE (V DC ) 


T A - TEMPERATURE (°C) 



0 10 20 30 


V + - SUPPLY VOLTAGE (V DC ) 


Common-Mode Rejection 
Ratio 



100 Ik 10k 100k 1M 

f- FREQUENCY (Hz) 


Open Loop Frequency 
Response 



1 10 100 Ik 10k 100k 1M 10M 

f- FREQUENCY (Hz) 


Large Signal Frequency 
Response 


Voltage Follower Pulse 
Response 



Ik 10k 100k 1M 

f- FREQUENCY (Hz) 
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LM2902 


typical single-supply applications (con't) (v + = 5v DC ) 



AS SHOWN V 0 = 2(Vj-V,l 


High Input Z Adjustable-Gain 
DC Instrumentation Amplifier 


R1 

100K 



IF R1 = R5 a R3 = R4 = R6 = R7 (CMRR DEPENDS ON MATCH) 
V°= 1 + ^- (V 2 -V,J x 
AS SHOWN V Q = 101 (V 2 -V,) 


Using Symmetrical Amplifiers to 
Reduce Input Current (General Concept) 



Low Drift Peak Detector 



Bridge Current Amplifier 
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LM2902 


typical single-supply applications (con't) (v + = 5v DC ) 


Voltage Follower 


Pulse Generator 


High Compliance Current Sink 




Pulse Generator 


Squarewave Oscillator 






:uru-L 


Voltage Controlled Oscillator (VCO) 



_TLTL 


AA/ 


•WIDE CONTROL VOLTAGE RANGE: 0 V oc < V c ^2(V + - 1 S V oc ) 


Power Amplifier 


Comparator With Hysteresis 






typical single-supply applications (con't) (v + = 5v DC ) 
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LM3900 


Operational Amplifiers 


Kl 


LM3900 quad amplifier 
general description 

The LM3900 consists of four independent, dual 
input, internally compensated amplifiers which 
were designed specifically to operate off of a 
single power supply voltage and to provide a 
large output voltage swing. These amplifiers make 
use of a current mirror to achieve the non-inverting 
input function. Application areas include: AC 
amplifiers, RC active filters; low frequency triangle, 
squarewave and pulse waveform generation cir- 
cuits, tachometers and low speed, high voltage 
digital logic gates. 


features 

■ Wide single supply 

voltage range 4 V DC to 36 V DC 

or dual supplies ±2 V DC to ±18 V DC 

■ Supply current drain independent of supply 
voltage 

■ Low input biasing current 30 nA 

■ High open-loop gain 70 dB 

■ Wide bandwidth 2.5 MHz (Unity Gain) 

■ Large output voltage swing ( V + -1 ) V p . p 

■ Internally frequency compensated for unity gain 

■ Output short-circuit protection 





absolute maximum ratings 


Supply Voltage 

Power Dissipation (T A = 25°C) (Note 1) 
Input Currents, l !N +or l )N - 
Output Short Circuit Duration - One 
Amplifier T A = 25°C 
(See Application Hints) 

Operating Temperature Range 

Storage Temperature Range 

Lead Temperature (Soldering, 10 seconds) 


+32 VDC 
±18 VDC 
570 mW 
20 mA DC 
Continuous 


0 C to +70 C 
-65° C to +1 50°C 
300°C 


electrical characteristics (V + = +15 VDC and T a = 25°C unless otherwise noted) 


PARAMETER 

Open Loop 
Voltage Gain 
Input Resistance 
Output Resistance 

Unity Gain Bandwidth 

Input Bias Current 


Supply Current 
Output Voltage Swing 
Vqut High 


Output Current Capability 
Source 


Power Supply Rejection 


CONDITIONS 

f = 100 Hz 
Inverting Input 

Inverting Input 

Inverting Input 

Positive Output Swing 
Negative Output Swing 

R l = 00 On All Amplifiers 

R L = 5.1k 

l IN - = 0, l, N + = 0 

l )N - = 10 /iA, l )N + " 0 


(Note 2) 


l, N + = 200 mA (Note 3) 


Mirror Current 


Negative Input Current 


Note 1: For operating at high temperatures, the device must be derated based on a 125°C maximum junction temperature and 
a thermal resistance of 175°C/W which applies for the device soldered in a printed circuit board, operating in a still air ambient. 
Note 2: The output current sink capability can be increased for large signal conditions by overdriving the inverting input. This 
is shown in the section on Typical Characteristics. 

Note 3: This spec indicates the current gain of the current mirror which is used as the non-inverting input. 

Note 4: Input Vbe match between the non-inverting and the inverting inputs occurs for a mirror current (non-inverting 
input current) of approximately 10 tiA. This is therefore a typical design center for many of the application circuits. 

Note 5: Clamp transistors are included on the 1C to prevent the input voltages from swinging below ground more than 
approximately -0.3 VDC. The negative input currents which may result from large signal overdrive with capacitance input 
coupling need to be externally limited to values of approximately 1 mA. Negative input currents in excess of 4 mA will cause 
the output voltage to drop to a low voltage. This maximum current applies to any one of the input terminals. If more than one 
of the input terminals are simultaneously driven negative smaller maximum currents are allowed. Common-mode current bias- 
ing can be used to prevent negative input voltages; see for example the "Differentiator Circuit” in the applications section. 
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LM3900 


typical performance characteristics 


Open-Loop Gain 

100 

1 80 
z 
< 

2 60 
a 
< 

o 40 
> 

o 

< 20 
0 

10 2 10 3 10 4 10 5 10 6 10 7 
f, FREQUENCY (Hz) 




0 5 10 15 20 25 30 

V + , SUPPLY VOLTAGE (V oc ) 


Voltage Gain 



0 25 50 75 100 125 

T A , TEMPERATURE (°C) 



0 25 50 75 100 125 

T a , TEMPERATURE (°C) 



0 5 10 15 20 25 30 

V\ SUPPLY VOLTAGE (V DC ) 


Large Signal Frequency 
Response 

16 


£ 14 

> 

C9 

1 « 

ZD 

I 8 

a 

I 

>° 4 

0 

10k 100k 1M 10M 

f, FREQUENCY (Hz) 







II 

■ 





£R l ^ 

- 



n 






■ 

k 





Output Sink Current 



0 5 10 15 20 25 30 

V + , SUPPLY VOLTAGE (V DC ) 



0 5 10 15 20 25 30 

V + , SUPPLY VOLTAGE (V oc ) 


Output Souce Current 







B 

■ 

r< 

■ 

B 

S3 

■ 

■ 

i 

i 

B 

i 

■ 

■ 

wm 














0 5 10 15 20 25 30 

V + . SUPPLY VOLTAGE (V DC ) 


Supply Rejection 



Mirror Gain 




■ 

■ 

■ 

I 

I 

■ 

■ 

■ 

■ 

■ 

■ 


■ 

■ 



■ 

■ 

!■ 

■ 

■ 


■! 


0 25 50 75 100 125 

T Al TEMPERATURE (°C) 



0 25 50 75 100 125 

T a , TEMPERATURE (°C) 
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Unintentional signal coupling from the output to 
the non-inverting input can cause oscillations. 
This is likely only in breadboard hook-ups with 
long component leads and can be prevented by a 
more careful lead dress or by locating the non- 
inverting input biasing resistor close to the 1C. 
A quick check of this condition is to bypass the 
non-inverting input to ground with a capacitor. 
High impedance biasing resistors used in the non- 
inverting input circuit make this input lead highly 
susceptible to unintentional AC signal pickup. 

Operation of this amplifier can be best understood 
by noticing that input currents are differenced at 
the inverting-input terminal and this difference 
current then flows through the external feedback 
resistor to produce the output voltage. Common 
mode current biasing is generally useful to allow 
operating with signal levels near ground or even 
negative as this maintains the inputs biased at 
+V BE . Internal clamp transistors (see note 5) 
catch negative input voltages at approximately 
-0.3 VDC but the magnitude of current flow has 
to be limited by the external input network. For 
operation at high temperature, this limit should 
be approximately 100 juA. 

This new “Norton" current-differencing amplifier 
can be used in most of the applications of a 
standard 1C op amp. Performance as a DC ampli- 
fier using only a single supply is not as precise as 
a standard 1C op amp operating with split supplies 
but is adequate in many less critical applications. 
New functions are made possible with this ampli- 
fier which are useful in single power supply sys- 
tems. For example, biasing can be designed sepa- 
rately from the AC gain as was shown in the 
“inverting amplifier", the "difference integrator" 
allows controlling the charging and the discharging 
of the integrating capacitor using only positive 
voltages, and the "frequency doubling tachometer" 
provides a simple circuit which reduces the ripple 
voltage on a tachometer output DC voltage. 


application hints 

When driving either input from a low-impedance 
source, a limiting resistor should be placed in series 
with the input lead to limit the peak input current. 
Currents as large as 20 mA will not damage the 
device, but the current mirror on the non-inverting 
input will saturate and cause a loss of mirror gain 
at mA current levels — especially at high operating 
temperatures. 

Precautions should be taken to insure that the 
power supply for the integrated circuit never 
becomes reversed in polarity or that the unit is 
not inadvertently installed backwards in a test 
socket as an unlimited current surge through the 
resulting forward diode within the 1C could cause 
fuzing of the internal conductors and result in a 
destroyed unit. 

Output short circuits either to ground or to the 
positive power supply should be of short time 
duration. Units can be destroyed, not as a result 
of the short circuit current causing metal fuzing, 
but rather due to the large increase in 1C chip 
dissipation which will cause eventual failure due 
to excessive junction temperatures. For example, 
when operating from a well-regulated +15 VDC 
power supply at T A = 25°C with a 100 k£2 shunt- 
feedback resistor (from the output to the inverting 
input) a short directly to the power supply will not 
cause catastrophic failure but the current magni- 
tude will be approximately 50 mA and the junction 
temperature will be above Tj max. Larger feedback 
resistors will reduce the current, 11 M£2 provides 
approximately 30 mA, an open circuit provides 
1.3 mA, and a direct connection from the output 
to the non-inverting input will result in catastro- 
phic failure when the output is shorted to V + as 
this then places the base-emitter junction of the 
input transistor directly across the power supply. 
Short-circuits to ground will have magnitudes of 
approximately 30 mA and will not cause cata- 
strophic failure at T A = 25°C. 


typical applications (con't) 



+ AUX 


Low-Drift Ramp & Hold Circuit 
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LM4250/LM4250C 


Operational Amplifiers 


LM4250/LM4250C programmable operational amplifier 
general description 


The LM4250 and LM4250C are extremely versatile 
programmable monolithic operational amplifiers. 
A single external master bias current setting resistor 
programs the input bias current, input offset cur- 
rent, quiescent power consumption, slew rate, 
input noise, and the gain-bandwidth product. 
The device is a truly general purpose operational 
amplifier. 

features 

■ ±1V to ±18V power supply operation 

■ 3 nA input offset current 


■ Standby power consumption as low as 500 nW 

■ No frequency compensation required 

■ Programmable electrical characteristics 

■ Offset Voltage nulling capability 

■ Can be powered by two flashlight batteries 

■ Short circuit protection 

The LM4250C is identical to the LM4250 except 
that the LM4250C has its performance guaranteed 
over a 0°C to 70°C temperature range instead of 
the -55°C to +125°C temperature range of the 
LM4250. 


schematic diagrams 


typical applications 




X5 Difference Amplifier 



500 ISIano-Watt XI 0 Amplifier 


connection diagrams 


Metal Can Package 



Dual-In-Line Package 


Flat Package 




Order Number LM4250H or LM4250CH 
See Package 1 1 


Order Number LM4250CN 
See Package 20 


Order Number LM4250F 
See Package 3 



absolute maximum ratings 


Supply Voltage 

±18V 

Output Short-Circuit Duration 


Indefinite 

Power Dissipation (Note 1) 

500 mW 

Operating Temperature Range 

LM4250 

-55°C ^ T A <1 1 25°C 

Differenital Input Voltage 

±30V 


LM4250C 

0°C ^ T a £ 70°C 

Input Voltage (Note 2) 

±15V 

Storage Temperature Range 


-65°C to 150°C 

l SET Current 

150/iA 

Lead Temperature (Soldering.10 sec) 

300° C 


electrical characteristics LM4250 (-55°C <,T a <, 125°C unless otherwise specified) 


PARAMETERS 

CONDITIONS 


v s 

11.5V 


•set 

1 /iA 

■set = 

10 mA 

MIN 

MAX 

MIN 

MAX 

Vos 

T a = 25° R s ^100kn 


3 mV 


5 mV 

•os 

T a = 25° 


3 nA 


10 nA 

•bias 

T a = 25° 


7.5 nA 


50 nA 

Large Signal Voltage Gam 

T a = 25° R L =100kfi 

40k 





V 0 = ±0.6, R l = lOkft 



50k 


Supply Current 

T a = 25°C 


7.5 /iA 


80 /iA 

Power Consumption 

T a = 2E°C 


23 /iW 


240 /iW 

Vos 

R s ^ 100 kft 


4 mV 


6 mV 

•os 

T a = 125°C 


5 nA 


10 nA 


T a = -55°C 


3 nA 


10 nA 

•bias 



7.5 nA 


50 nA 

Input Voltage Range 


±0.7V 


10.7V 


Large Signal Voltage Gain 

V Q = ±0.6 V R l = 100 kft 

30k 





R l = 10kfi 



30k 


Output Voltage Swing 

R l = 100 kft 

±0.6V 





R L = 10ktt 



10.6V 


Common Mode Rejection Ratio 

R s ^ 10kfl 

70 dB 


70 dB 


Supply Voltage Rejection Ratio 

R s ^ lOkft 

76 dB 


76 dB 


Supply Current 



8 pA 


90 /iA 

Power Consumption 



24 /iW 


270 /iW 




v s 

= 115V 


PARAMETERS 

CONDITIONS 

■set ! 

= 1 /iA 

■set = 

10 /iA 



MIN 

MAX 

MIN 

MAX 

Vos 

T A = 25°C R s <, 100kn 


3 mV 


5 mV 

•os 

T a = 25°C 


3 nA 


10 nA 

•bias 

T a = 25°C 


7.5 nA 


50 nA 

Large Signal Voltage Gain 

T a = 25°C R L =100kft 

100k 





V o = 110V R l = 10kS2 



100k 


Supply Current 

T a = 25°C 


10/iA 


90 /iA 

Power Consumption 

T a = 25°C 


300 /iW 


2.7 mW 

Vos 

R s ^100 k« 


4 mV 


6 mV 

•os 

T A = 125°C 


25 nA 


25 nA 


T a = -55°C 


3 nA 


10 nA 

•bias 



7.5 nA 


50 nA 

Input Voltage Range 


±13.5V 


113.5V 


Large Signal Voltage Gain 

V o = ±10V R l = 100 k n 

50k 





R l = lOkft 



50k 


Output Voltage Swing 

R l = 100 kft 

112V 





R l = 10kS2 



112V 


Common Mode Rejection Ratio 

R s <> lOkft 

70 dB 


70 dB 


Supply Voltage Rejection Ratio 

R s <, 10 kn 

76 dB 


76 dB 


Supply Current 



11 /iA 


100 /iA 

Power Consumption 



330 /iW 


3 mW 


Note 1: The maximum junction temperature of the LM4250 is 150°C, while that of thre LM4250C is 100°C. For operating 
at elevated temperatures, devices in the TO-5 package must be derated based on a thermal resistance of 1 50°C/W junction to 
ambient, or 45°C/W junction to case. The thermal resistance of the dual-in-line package is 125°C/W. 

Note 2: For supply voltages less than ±15V, the absolute maximum input voltage is equal to the supply voltage. 
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electrical characteristics LM4250C (0°C < T a ^ 70°C unless otherwise specified) 


PARAMETERS 

CONDITIONS 


v s = 

±1.5V 


■set 

1/jA 

■set = 

10 iiA 

MIN 

MAX 

MIN 

MAX 

Vos 

T a = 25°C R s ^ 100 kft 


5 mV 


6 mV 

■os 

T a = 25° C 


6 nA 


20 nA 

■bias 

T a = 25° C 


10 nA 


75 nA 

Large Signal Voltage Gain 

T A = 25° C R L = 100kft 

25k 





V 0 = ±0.6V R L = 10 k£2 



25k 


Supply Current 

T a = 25°C 


8/tA 


90 fl/k 

Power Consumption 

T a = 25° C 


24 pW 


270 /iW 

Vos 

R s ^ lOkft 


6.5 mV 


7.5 mV 

•os 



8 nA 


25 nA 

■bias 



10 nA 


80 nA 

Input Voltage Range 


±0.6V 


±0.6V 


Large Signal Voltage Gain 

V o = ±0.6V R l = 100 kS2 

25k 





R u = 10 kJ2 



25k 


Output Voltage Swing 

R l = 100 kfi 

±0.6V 





R l = 10 kS2 



±0.6V 


Common Mode Rejection Ratio 

R s <, lOkft 

70 dB 


70 dB 


Supply Voltage Rejection Ratio 

R s ^ lOkft 

74 dB 


74 dB 


Supply Current 



8/iA 


90 uA 

Power Consumption 



24 /iW 


270 uW 




v s = 

±15V 


PARAMETERS 

CONDITIONS 

■set = 

* 1 mA 

•set = 

10juA 



MIN 

MAX 

MIN 

MAX 

Vos 

T a = 25°C R s ^ 100 kft 


5 mV 


6 mV 

•os 

T a = 25°C 


6 nA 


20 nA 

■bias 

T a = 25°C 


10 nA 


75 nA 

Large Signal Voltage Gain 

T a = 25°C R l = 100 kn 

60k 





V 0 = ±10V Rl= 10 Rf2 



60k 


Supply Current 

T a = 25°C 


11 pA 


100 nA 

Power Consumption 

T a = 25°C 


330 /iW 


3 mW 

Vos 

Rg^ 10 kft 


6.5 mV 


7.5 mV 

■os 



8 nA 


25 nA 

•bias 



10 nA 


80 nA 

Input Voltage Range 


±13.5V 


± 13.5V 


Large Signal Voltage Gain 

V o = ±10V R L = 100 k« 

50k 





R l = 10 k« 



50k 


Output Voltage Swing 

R l = 100 k£2 

±12V 





R l = 10k£2 



±12V 


Common Mode Rejection Ratio 

R s 10 kfl 

70 dB 


70 dB 


Supply Voltage Rejection Ratio 

Rg^lOkn 

74 dB 


74 dB 


Supply Current 



11 uA 


100 uA 

Power Consumption 



300 uW 


3 mW 


resistor biasing 

Set Current Setting Resistor to V' 


L . 1551 1 

mm 

0.1 mA 



5 mA 

10 pA | 






missm 

| ±3.0V 

55.6 MJ2 

11.0 MS2 

5.5 Mft 

1.09 M£2 

544 k£2 | 
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typical performance characteristics 


Input Bias Current vs IsET 
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LM4250/LM4250C 



LM4250/LM4250C 





Voltage Comparators/Buffers 


LF111/LF211/LF311 voltage comparators 


general description 

The LF111, LF211 and LF311 are FET input voltage 
comparators that virtually eliminate input current errors. 
Designed to operate over a 5.0V to ±15V range the 
LF111 can be used in the most critical applications. 

The extremely low input currents of the LF111 allows 
the use of a simple comparator in applications usually 
requiring input current buffering. Leakage testing, long 
time delay circuits, charge measurements, and high 
source impedance voltage comparisons are easily done. 


Further, the LF111 can be used in place of the LM111 
eliminating errors due to input currents. 

advantages 

■ Eliminates input current errors 

■ Interchangeable with LM1 1 1 

■ No need for input current buffering 


connection diagrams* 


Metal Can Package 


Flat Package 


Dual-ln-Line Package 



Order Number LF111H, LF211H 
or LF311H 
See Package 1 1 
*Pin connections shown on schematic diagram 
and typical applications are for TO*5 package. 

schematic diagram and auxiliary circuits 


Order Number LF111F, LF211F 
or LF311F 
See Package 3 



TOP VIEW 

Order Number LF111D, LF211D 
or LF311D 
See Package 1 

R2 
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LF1TI/LF2TI/LF3TI 




uedi/uzdi/uidi 


absolute maximum ratings 



LF111/LF211 

LF311 

Total Supply Voltage (V 84 ) 

36V 

36V 

Output to Negative Supply Voltage (V 74 ) 

50V 

40V 

Ground to Negative Supply Voltage (V 14 ) 

30V 

30V 

Differential Input Voltage 

±30V 

±30V 

Input Voltage (Note 1) 

±1 5V 

±15V 

Power Dissipation (Note 2) 

500 mW 

500 mW 

Output Short Circuit Duration 

10 seconds 

10 seconds 

Operating Temperature Range 

LF111 

-55°C to +125°C 


LF211 

— 25°C to +85°C 


LF311 


0°C to +70° C 

Storage Temperature Range 

— 65°C to +1 50°C 

-65°C to +1 50°C 

Lead Temperature (Soldering, 10 seconds) 

300° C 

300° C 


electrical characteristics (lfih/lf21d (Note 3) 


PARAMETER 

CONDITIONS 

MIN 

TYP 

MAX 

UNITS 

Input Offset Voltage (Note 4) 

T a = 25°C, R s 


0.7 

4.0 

mV 

Input Offset Current (Note 4) 

T a = 25°C, V CM = 0 (Note 6) 


5.0 

25 

pA 

Input Bias Current 

T a = 25° C, V CM =0 (Note 6) 


20 

50 

PA 

Voltage Gain 

T a = 25° C 


200 


V/mV 

Response Time (Note 5) 

T a = 25° C 


200 


ns 

Saturation Voltage 

V, N < -5.0 mV, l OUT = 50 mA, T A = 25°C 


0.75 

1.5 

V 

Strobe On Current 

T a = 25° C 


3.0 


mA 

Output Leakage Current 

V IN > 5.0 mV, V OUT = 35V, T A = 25°C 


0.2 

10 

nA 

Input Offset Voltage (Note 4) 




6.0 

mV 

Input Offset Current (Note 4) 

V s =±15V,V cm =0 (Note 6) 


2.0 

3.0 

nA 

Input Bias Current 

V s = ±15V, V CM =0 (Note 6) 


5.0 

7.0 

nA 

Input Voltage Range 



+ 14 


V 




-13.5 


V 

Saturation Voltage 

V + > 4.5V, V~ = 0 

V|j>j ^ 6.0 mV, Isiivik ^ 8.0 mA 


0.23 

0.4 

V 

Output Leakage Current 

V IN >5.0mV, V OUT = 35V 


0.1 

0.5 

ma 

Positive Supply Current 

T a = 25° C 


5.1 

6.0 

mA 

Negative Supply Current 

T a = 25° C 


4.1 

5.0 

mA 


Note 1: This rating applies for ±15V supplies. The positive input voltage limit is 30V above the negative supply. The negative input voltage limit 
is equal to the negative supply voltage or 30V below the positive supply, whichever is less. 

Note 2: The maximum junction temperature of the LF111 is +150°C, the LF211 is +110°C and the LF311 is+85°C. For operating at elevated 
temperatures, devices in the TO-5 package must be derated based on a thermal resistance of +150° C/W, junction to ambient, or +45°C/W, junction 
to case. For the flat package, the derating is based on a thermal resistance of +185° C/W when mounted on a 1 /16-inch-thick epoxy glass board with 
ten, 0.03-inch-wide, 2-ounce copper conductors. The thermal resistance of the dual-in-line package is +100° C/W, junction to ambient. 

Note 3: These specifications apply for V§ = ±15V and -55°C < T^ < + 125°C for the LF111, unless otherwise stated. With the LF211, however, 
all temperature specifications are limited to-25°C < T A < +85°C and for the LF31 1 0°C < T^ < +70°C. The offset voltage, offset current and bias 
current specifications apply for any supply voltage from a single 5.0 mV supply up to ±15V supplies. 

Note 4: The offset voltages and offset currents given are thd maximum values required to drive the output within a volt of either supply with a 
1.0 mA load. Thus, these parameters define an error band and take into account the worst case effects of voltage gain and input impedance. 

Note 5: The response time specified (see definitions) is for a 100 mV input step with 5.0 mV overdrive. 

Note 6: For input voltages greater than 15V above the negative supply the bias and offset currents will increase— see typical performance curves. 


3-2 





electrical characteristics (LF3ii) (Note 3) 


PARAMETER 

CONDITIONS 

MIN 

TYP 

MAX 

UNITS 

Input Offset Voltage (Note 4) 

T a = 25°C, R s < 50k 


2.0 

10 

mV 

Input Offset Current (Note 4) 

T A = 25°C, V CM = 0 (Note 6) 


5.0 

75 

pA 

Input Bias Current 

T A = 25°C, V C m = 0 (Note 6) 


25 

150 

pA 

Voltage Gain 

T A = 25°C 


200 


V/mV 

Response Time (Note 5) 

T A = 25° C 


200 


ns 

Saturation Voltage 

V | N <-10 mV, l OUT = 50 mA, T A = 25°C 


0.75 

1.5 

V 

Strobe On Current 

T a = 25°C 


3.0 


mA 

Output Leakage Current 

V, N > 10 mV, Vqut = 35V, T A = 25°C 


0.2 

10 

nA 

Input Offset Voltage (Note 4) 

R s < 50k 



15 

mV 

Input Offset Current (Note 4) 

V S =±15V, V CM =0 (Note 6) 


1.0 


nA 

Input Bias Current 

V s = ±15V, V CM =0 (Note 6) 


3.0 


nA 

Input Voltage Range 



+14 


V 




-13.5 


V 

Saturation Voltage 

V + > 4.5V, V~ = 0 

V, N <—10 mV, Isink < 8.0 mA 


0.23 

0.4 

V 

Positive Supply Current 

T a = 25° C 


5.1 

7.5 

mA 

Negative Supply Current 

T a = 25° C 


4.1 

5.0 

mA 


Note 1: This rating applies for ±15V supplies. The positive input voltage limit is 30V above the negative supply. The negative input voltage limit 
is equal to the negative supply voltage or 30V below the positive supply, whichever is less. 

Note 2: The maximum junction temperature of the LF111 is +150° C, the LF211 is +110°C and the LF311 is +85°C. For operating at elevated 
temperatures, devices in the TO-5 package must be derated based on a thermal resistance of +150°C/W, junction to ambient, or +45°C/W, junction 
to case. For the flat package, the derating is based on a thermal resistance of +185° C/W when mounted on a 1 /16-inch-thick epoxy glass board with 
ten, 0.03-inch-wide, 2-ounce copper conductors. The thermal resistance of the dual-in-line package is +100° C/W, junction to ambient. 

Note 3: These specifications apply for V$ = ±15V and -55° C < T A < +125°C for the LF1 1 1 , unless otherwise stated. With the LF21 1 , however, 
all temperature specifications are limited to-25°C < T A < +85°C and for the LF31 1 0°C < T A < +70°C. The offset voltage, offset current and bias 
current specifications apply for any supply voltage from a single 5.0 mV supply up to ±15V supplies. 

Note 4: The offset voltages and offset currents given are the maximum values required to drive the output within a volt of either supply with a 
1 .0 mA load. Thus, these parameters define an error band and take into account the worst case effects of voltage gain and input impedance. 

Note 5: The response time specified (see definitions) is for a 100 mV input step with 5.0 mV overdrive. 

Note 6: For input voltages greater than 15V above the negative supply the bias and offset currents will increase— see typical performance curves. 


typical applications 



"Solid tantalum 



Low Voltage Adjustable Reference Supply 


100 kHz Free Running Multivibrator 


Crystal Oscillator 


LF1T1/LF2T1/LF3TI 



SHORT CIRCUIT CURRENT (mA) INPUT VOLTAGE (mV) OUTPUT VOLTAGE (V) INPUT VOLTAGE (mV) OUTPUT VOLTAGE (V) INPUT BIAS CURRENT (pA) 
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LFT11/LF211/LF3TI 
















LF1TI/LF2TI/LF3TI 






LH2111/LH2211/LH2311 


KIS Voltage Comparators/Buffers 


LH2111/LH2211/LH2311 dual voltage comparator 


general description 

The LH21 1 1 series of dual voltage comparators are 
two LM111 type comparators in a single hermetic 
package. Featuring all the same performance char- 
acteristics of the single, these duals offer in addi- 
tion closer thermal tracking, lower weight, reduced 
insertion cost and smaller size than two singles. 
For additional information see the LM111 data 
sheet and National's Linear Application Handbook. 

The LH2111 is specified for operation over the 
-55°C to +125°C military temperature range. The 
LH2211 is specified for operation over the-25°C 
to +85°C temperature range. The LH231 1 is speci- 


fied for operation over the 0°C to 70°C tempera- 


ture range. 

features 

■ Wide operating supply range ±15V to a 

single +5V 

■ Low input currents 6 nA 

■ High sensitivity 10 mV 

■ Wide differential input range ±30V 

■ High output drive 50 m A, 50V 


connection diagram 


auxiliary circuits 


BAL/STROBE 

NC A BAL A V B + 



Order Number LH2111D or 
LH2211D or LH2311D 
See Package 2 


Order Number LH21 1 1 F or 
LH2211F or LH2311F 
See Package 5 



Offset Balancing 



2N2222 J STROBE 


Strobing 



to 18 V//js. 

Increasing Input Stage Current* Driving Ground-Referred Load 




Comparator and Solenoid Driver Strobing off Both Input* 

and Output Stages 
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absolute maximum ratings 


Total Supply Voltage (V + - V") 36V 

Output to Negative Supply Voltage (V oux - V") 50V 

Ground to Negative Supply Voltage (GND - V~) 30V 

Differential Input Voltage ±30V 

Input Voltage (Note 1) ±15V 

Power Dissipation (Note 2) 500 mW 

Output Short Circuit Duration 

Operating Temperature Range LH21 1 1 

LH2211 

LH2311 

Storage Temperature Range 

Lead Temperature (Soldering, 10 sec) 

10 sec 
-55°C to 125°C 
-25°C to 85°C 

0°C to 70°C 
-65°C to 150°C 

300° C 

electrical characteristics -each side (Note 3) 






LIMITS 


PARAMETER 

CONDITIONS 

LH2111 

LH2211 

LH2311 

UNITS 

Input Offset Voltage (Note 4) 

T A = 25°C, R s ^50k 

3.0 

3.0 

7.5 

mV Max 

Input Offset Current (Note 4) 

T A = 25°C 

10 

10 

50 

nA Max 

Input Bias Current 

T a = 25°C 

100 

100 

250 

nA Max 

Voltage Gain 

T a =25°C 

200 

200 

200 

V/mV Typ 

Response Time (Note 5) 

T a = 25°C 

200 

200 

200 

ns Typ 

Saturation Voltage 

V tN <1 -5 mV, Iout = 50 mA 

T A = 25° C 

1.5 

1.5 

1.5 

V Max 

Strobe On Current 

T A = 25°C 

3.0 

3.0 

3.0 

mA Typ 

Output Leakage Current 

V IN ^ 5 mV, Vout = 35V 

T A = 25°C 

10 

10 

50 

nA Max 

Input Offset Voltage (Note 4) 

R s ^50k 

4.0 

4.0 

10 

mV Max 

Input Offset Current (Note 4) 


20 

20 

70 

nA Max 

Input Bias Current 


150 

150 

300 

nA Max 

Input Voltage Range 


±14 

±14 

±14 

V Typ 

Saturation Voltage 

V + > 4.5V, V" = 0 

V in <[ -5 mV, l S | NK ^ 8 mA 

0.4 

0.4 

0.4 

V Max 

Positive Supply Current 

T a = 25°C 

6.0 

6.0 

7.5 

mA Max 

Negative Supply Current 

T a = 25°C 

5.0 

5.0 

5.0 

mA Max 


Note 1: This rating applies for ±15V supplies. The positive input voltage limit is 30V above the negative supply. The negative 
input voltage limit is equal to the negative supply voltage or 30V below the positive supply, whichever is less. 

Note 2: The maximum junction temperature is 150°C. For operating at elevated temperatures, devices in the flat package, the 
derating is based on a thermal resistance of 185°C/W when mounted on a 1 /16-inch-thick epoxy glass board with 0.03-inch- 
wide, 2-ounce copper conductor. The thermal resistance of the dual-in-line package is 100°C/W, junction to ambient. 

Note 3: These specifications apply for Vg = ±15V and — 55°C < T/\ < 125°C for the LH2111, — 25°C < T/\ < 85°C for the 
LH221 1 , and 0°C < T/\ < 70° C for the LH231 1 , unless otherwise stated. The offset voltage, offset current and bias current 
specifications apply for any supply voltage from a single 5V supply up to +15V supplies. For the LH2311, V||\j = ±10 mV. 
Note 4: The offset voltages and offset currents given are the maximum values required to drive the output within a volt of 
either supply with a 1 mA load. Thus, these parameters define an error band and take into account the worst case effects of 
voltage gain and input impedance. 

Note 5: The response time specified is for a 100 mV input step with 5 mV overdrive. 
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LH 2111/ LH 2 211/ LH 2 311 




LM106/LM206 


KIS Voltage Comparators/ Buffers 

LM106/LM206 voltage comparator/buffer 
general description 


The LM106 and LM206 are high-speed voltage 
comparators designed to accurately detect low- 
level analog signals and drive a digital load. They 
are equivalent to an LM710, combined with a two 
input NAND gate and an output buffer. The 
circuits can drive RTL, DTL or TTL integrated 
circuits directly. Furthermore, their outputs can 
switch voltages up to 24V at currents as high as 
100 mA. Other features include: 

■ Improved accuracy: 2 mV maximum worst case 
offset 

■ Fan-out of 10 with DTL or TTL 

■ Added logic or strobe capability 

■ Useful as a relay or lamp driver 

■ Plug-in replacement for the LM710 

■ 40 ns maximum response time 


The devices have short-circuit protection which 
limits the inrush current when it is used to drive 
incandescent lamps, in addition to preventing 
damage from accidental shorts to the positive 
supply. The speed is equivalent to that of an 
LM710. However, they are even faster where buf- 
fers and additional logic circuitry can be eliminated 
by the increased flexibility of the LM106 and 
LM206. They can also be operated from any nega- 
tive supply voltage between ~3V and ~12V with 
little effect on performance. 

The LM106 is specified for operation over the 
-55°C to +125°C military temperature range. The 
LM206 is specified for operation over the -25°C 
to +85°C temperature range. 


schematic and connection diagrams ** 



Metal Can 

TOP VIEW 

v + 



Order Number LM106H or LM206H 
See Package 1 1 


Flat Package 



TOP VIEW 

Order Number LM106F or LM206F 
See Package 4 
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absolute maximum ratings 

Positive Supply Voltage 
Negative Supply Voltage 
Output Voltage 

Output to Negative Supply Voltage 
Differential Input Voltage 
Input Voltage 


15V 

Power Dissipation (Note 1) 

600 mW 

-15V 

Output Short Circuit Duration 

10 sec 

24V 

Operating Temperature Range LM106 

-55°C to 125°C 

30V 

LM206 

-25°C to 85°C 

±5V 

Storage Temperature Range 

-65°C to 150°C 

±7V 

Lead Temperature (soldering, 10 sec) 

300° C 


electrical characteristics (Note 2) 


PARAMETER 

CONDITIONS 


TYP 

MAX 

UNITS 

Input Offset Voltage 

Note 3 


0.5 

2.0 

mV 

Input Offset Current 

Note 3 


0.7 

3.0 

ma 

Input Bias Current 



10 

20 

ma 

Response Time 

Note 4, R L = 390^ to+5V, 

C L = 15 pF 


28 

40 

ns 

Saturation Voltage 

V| N < -5 mV, Iqut = 100 mA 


1.0 

1.5 

V 

Output Leakage Current 

V, N > 5 mV, 8V < V OUT < 24V 


0.02 

1.0 

pA 


electrical characteristics 

The following specifications apply for T L <> T A <, T H (Note 5) 


Input Offset Voltage 

Note 3 


3.0 

mV 

Average Temperature Coefficient 





of Input Offset Voltage 


3.0 

10 

pV/°C 

Input Offset Current 

Note 3,T L ^T A ^25°C 

1.8 

7.0 

pA 


1 

0.25 

3.0 

pA 


25 C <[ T a <1 T h 




Average Temperature Coefficient 





of Input Offset Current 

25°c<;t a <;th 

5.0 

25 

nA/°C 


T l ^T a ^25°C 

15 

75 

nA/°C 

Input Bias Current 

T l £ T a £ 25°C 


45 

pA 


25°C^T a ^T h 


20 

ma 

Input Voltage Range 

-7V > V"> -12V ±5.0 



V 

Differential Input Voltage Range 

±5.0 



V 

Saturation Voltage 

V, n <-5 mV, Iqut = 50 mA 


1.0 

V 

Saturation Voltage 

V| N ^ —5 mV, Iqut = 16 mA 


0.4 

V 

Positive Output Level 

Vin ^ 5 mV, Iout = -400 pA 2.5 


5.5 

V 

Output Leakage Current 

V IN >5mV, 8V< V OUT <24V 


1.0 

pA 


T l ^T a ^25 0 C 





25°C<T a ^T h 


100 

pA 

Strobe Current 

V st robe = 0.4V 

-1.7 

-3.2 

mA 

Strobe ON Voltage 

0.9 

1.4 


V 

Strobe OFF Voltage 

•sink <16 mA 

1.4 

2.2 

V 

Positive Supply Current 

V, N = -5 mV 

5.5 

10 

mA 

Negative Supply Current 


-1.5 

-3.6 

mA 


Note 1: The maximum junction temperature of the LM106 is 150°C, while that of the LM206 
is 110°C. For operating at elevated temperatures, devices in the TO-5 package must be derated 
based on a- thermal resistance of 150°C/W, junction to ambient, or 45°C/W, junction to case. 
For the flat package, the derating is based on a thermal resistance of 185°C/W when mounted 
on a 1/16-inch-thick epoxy glass board with ten, 0.03-inch-wide, 2-ounce copper conductors. 

Note 2: These specifications apply for -3V > V" > -12V, V + = 12V and T A = 25° C unless other- 
wise specified. All currents into device pins are considered positive. 

Note 3: The offset voltages and offset currents given are the maximum values required to drive the 
output down to 0.5V or up to 4.4V. Thus, these parameters actually define an error band and take 
into account the worst-case effects of voltage gain, specified supply voltage variations, and common 
mode voltage variations. 

Note 4: The response time specified (see definitions) is for a 100 mV input step with 5 mV overdrive. 
Note 5: All currents into device pins are considered positive. 



T l 

T H 

LM106 

-55°C 

+125°C 

LM206 

-25°C 

+85°C 
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106/LM206 









typical performance 

characteristics 


Transfer Function 

T ransconductance 

Voltage Gi 


nm wmmu 

WAMmBIEM 


-a3 -0.2 -0.1 0 +0.1 +0.2 +0.3 +0.4 +0.5 

INPUT VOLTAGE (mV) 

+ 3 +2 +1 0 -1 -2 -3 -4 -5 

INPUT VOLTAGE (mV) 

-75 -50 -25 0 +25 +50 +75 +1001+125 

TEMPERATURE (°C) 

Saturation Voltage 

Positive Output Level 

Short Circuit Output Current 


_ -3V > V >-12V ] 
Vin = -5 mV 


> -50 -25 0 +25 +50 +75 +100 +125 

TEMPERATURE (°C) 


( V = + 12V 

-3V > V~>-12V . 

V, N = +5 mV 

L_j i 

-75 -50 -25 0 +25 +50 +75 +100 +125 

TEMPERATURE (°C) 



-75 -50 -25 0 +25 +50 h 75 +100+125+150 
JUNCTION TEMPERATURE (°C) 


Input Current 


Response Time For 
Various Input Overdrives 


himiigH 

wimmm 


Response Time For 
Various Input Overdrives 


rafz/jiii 


-75 -50 -25 0 25 50 75 100 125 

TEMPERATURE (°C) 

0 20 40 60 80 100 120 

TIME (ns) 

0 20 40 60 80 100 120 

TIME (ns) 

Positive Supply Current 

Negative Supply Current 

Power Consumption 


POSITIVE SUPPLY VOLTAGE (V) 


-3 -6 -9 -12 -15 

NEGATIVE SUPPLY VOLTAGE (V) 


-75 -50 -25 0 +25 +50 +75 +100 +125 

TEMPERATURE (°C) 









NS Voltage Comparators/Buffers 


LM306 voltage comparator/buffer 
general description 

The LM306 is a high-speed voltage comparator 
designed to accurately detect low-level analog sig- 
nals and drive a digital load. It is equivalent to an 
LM710C, combined with a two input NAND gate 
and an output buffer. The circuit can drive RTL, 

DTL or TTL integrated circuits directly. Further- 
more, the output can switch voltages up to 24V at 
currents as high as 100 mA. Other features 
include: 

■ Improved accuracy: 5 mV (max) offset 

■ Fan-out of 10 with DTL or TTL 

■ Added logic or strobe capability 

■ Useful as a relay or lamp driver 


■ Plug-in replacement for the LM710C. 

■ 40 ns maximum response time 

The device has short-circuit protection which 
limits the inrush current when it is used to drive 
incandescent lamps, in addition to preventing 
damage from accidental shorts. The speed is 
equivalent to that of an LM710C. However, it is 
even faster where buffers and additional logic 
circuitry can be eliminated by the increased flexi- 
bility of the LM306. It can also be operated from 
any negative supply voltage between -3V and 
-1 2 V with little effect on performance. The LM306 
is identical to the LM 1 06, except that it is specified 
over a 0°C to 70°C temperature range. 


schematic and connection diagrams** 



typical applications** 

Level Detector and Lamp Driver 



Relay Driver 


INPUTS 


Metal Can 

TOP VIEW 
V + 



Note: Pin 4 connected to case. 

Order Number LM306H 
See Package 1 1 



Adjustable Threshold Line Receiver 
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LM306 



LM306 


absolute maximum ratings 

Positive Supply Voltage 15V 

Negative Supply Voltage -15V 

Output Voltage 24V 

Output to Negative Supply Voltage 30V 

Differential Input Voltage ±5V 

Input Voltage ±7V 

Power Dissipation (Note 1) 600 mW 

Output Short Circuit Duration 10 sec 

Operating Temperature Range 0°C to 70 C 

Storage Temperature Range -65°C to +150°C 

Lead Temperature (soldering, 10 sec) 300°C 

electrical characteristics (Note 2) 

PARAMETER 

CONDITIONS 

MIN 

TYP 

MAX 

UNITS 

Input Offset Voltage 

Note 3 


1.6 

5.0 

mV 

Input Offset Current 

Note 3 


1.8 

5.0 

MA 

Input Bias Current 



16 

25 

ma 

Response Time 

Note 4, R L = 390S7 to +5V, 


28 


ns 


C L = 15pF 





Saturation Voltage 

V, N < 7 mV, 1 out = 1 00 m A 


0.8 


V 

Output Leakage Current 

V| N > 7 mV, 8V < V OUT < 24V 


0.02 


ma 

electrical characteristics 





The following specifications apply for 0°C < T A < 70°C (Note 5) 





Input Offset Voltage 

Note 3 



6.5 

mV 

Average Temperature Coefficient 






of Input Offset Voltage 






Input Offset Current 

Note 3, 0°C ^ T A < 25°C 


2.4 

7.5 

ma 


25°C ^ T a <; 70°C 



5.0 

A A 

Average Temperature Coefficient 

25°C < T A < 70°C 


15 

50 

nA/°C 

of Input Offset Current 

0°C<T a < 25 o C 


24 

100 

nA/°C 

Input Bias Current 

0°C < T A < 25°C 


25 

40 

AtA 


25°C < T A < 70°C 



25 

juA 

Input Voltage Range 

-7V > V~ > -12V 

±5.0 



V 

Differential Input Voltage Range 


±5.0 



V 

Saturation Voltage 

V| N < -8 mV, Iqut = 50 mA 



1.0 

V 

Saturation Voltage 

V, N < -8 mV, Iqut = 10 mA 



0.4 

V 

Positive Output Level 

V|(^ 8 mV, Iout = 400 juA 

2.5 


5.5 

V 

Output Leakage Current 

V| N > 8 mV, 8V < V OUT < 24 V 






0°C ^ T A ^ 25°C 



2.0 

mA 


25°C<T A ^70°C 




mA 

Strobe Current 

Vstrobe=0.4V 


-1.7 

-3.2 

mA 

Strobe ON Voltage 


0.9 

1.4 


V 

Strobe OFF Voltage 

Uink < 16 mA 


1.4 

2.2 

V 

Positive Supply Current 

V, N = -8 mV 


5.5 

10 

mA 

Negative Supply Current 



-1.5 

-3.6 

mA 

Note 1 : For operating at elevated temperatures, the device must be derated based on a 85°C maximum 



junction temperature and a thermal resistance of 45°C/W junction to case or 150°C/W junction to 



ambient. 






Note 2: These specifications apply for 

-3V > V" > -12 V, V + = 12V and T A = 25°C unless other- 



wise specified. All currents into pins are considered positive. 





Note 3: The offset voltages and offset currents given are the maximum values required to drive the 



output down to 0.5V or up to 4.8V. Thus, these parameters actually define an error band and take 



into account the worst-case effects of voltage gain, and input impedance, specified supply voltage 



variations, and common mode voltage variations. 





Note 4: The response time specified (see definitions) is for a 100 mV input step with 5 mV overdrive. 



Note 5: All currents into device pins are considered positive. 
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POSITIVE SUPPLY CURRENT (mA) INPUT CURRENT (pA) SATURATION VOLTAGE (V) OUTPUT VOLTAGE (V) 


typical performance 

characteristics 


Transfer Function 

Transconductance 

Voltage Gain 




POSITIVE SUPPLY VOLTAGE (V) 


LM306 







LM111/LM211 


KIS Voltage Comparators/ Buffers 


LM111/LM211 voltage comparator 


general description 

The LM111 and LM211 are voltage comparators 
that have input currents nearly a thousand times 
lower than devices like the LM106 or LM710. 
They are also designed to operate over a wider 
range of supply voltages: from standard ±15V op 
amp supplies down to the single 5V supply used 
for 1C logic. Their output is compatible with RTL, 
DTL and TTL as well as MOS circuits. Further, 
they can drive lamps or relays, switching voltages 
up to 50V at currents as high as 50 mA. Out- 
standing characteristics include: 

■ Operates from single 5V supply 

■ Input current: 150 nA max. over temperature 

■ Offset current: 20 nA max. over temperature 


■ . Differential input voltage range: ±30V 

■ Power consumption: 135mWat±15V 

Both the inputs and the outputs of the LM111 or 
the LM211 can be isolated from system ground, 
and the output can drive loads referred to ground, 
the positive supply or the negative supply. Offset 
balancing and strobe capability are provided and 
outputs can be wire OR'ed. Although slower than 
the LM106 and LM710 (200 ns response time vs 
40 ns) the devices are also much less prone to 
spurious oscillations. The LM1 1 1 has the same pin 
configuration as the LM106 and LM710. 

The LM21 1 is identical to the LM1 1 1, except that 
its performance is specified over a -25°C to 85°C 
temperature range instead of -55°C to 125°C. 


schematic diagram and auxiliary circuits** 



3* 

n 



Offset Balancing 



Strobing 



mode slew from 7.0V/ps 
to mint. 

Increasing Input Stage Current* 


connection diagrams** 

Metal Can Flat Package 



Note: Pin 4 connected to case. Note: Pin 5 connected to bottom of package. 


Dual-ln-Line 



Note: Pin 6 connected to bottom of package, 


Order Number 
LM111H or LM211H 
See Package 1 1 


Order Number 
LM111F or LM211F 
See Package 3 


**Pin connections shown are for metal can. 


Order Number 
LM111D or LM211D 
See Package 1 


typical application 



Detector for Magnetic Transducer 
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absolute maximum ratings 


Total Supply Voltage (V 84 ) 

Output to Negative Supply Voltage (V 74 ) 
Ground to Negative Supply Voltage (Vj 4 ) 
Differential Input Voltage 
Input Voltage (Note 1 ) 

Power Dissipation (Note 2) 

Output Short Circuit Duration 
Operating Temperature Range LM111 
LM211 

Storage Temperature Range 

Lead Temperature (soldering, 10 sec) 


electrical characteristics (Note 3) 


36V 
50V 
30V 
±30V 
±15V 
500 mW 
10 sec 
-55°C to 125°C 
-25°C to 85°C 
-65°C to 1 50°C 
300°C 


PARAMETER 

CONDITIONS 

Input Offset Voltage (Note 4) 

T a = 25°C, R s < 50k 

Input Offset Current (Note 4) 

T a =25°C 

Input Bias Current 

T a = 25° C 

Voltage Gain 

T a = 25°C 

Response Time (Note 5) 

T a = 25°C 

Saturation Voltage 

V | *C. —5 mV, Iout = 50 mA 
T a = 25°C 

Strobe On Current 

T a = 25° C 

Output Leakage Current 

V|N ^ 5 mV, Vqut = 35V 

T a = 25° C 

Input Offset Voltage (Note 4) 

Input Offset Current (Note 4) 

Input Bias Current 

Input Voltage Range 

R s < 50k 

Saturation Voltage 

V + > 4.5V, V - = 0 

V i n < -6 m V, IsiNK^SmA 

Output Leakage Current 

V, N >5 mV, Vqut = 35V 

Positive Supply Current 

T a = 25°C 

Negative Supply Current 

T a = 25°C 



Notel: This rating applies for ±15V supplies. The positive input voltage limit is 30V above the 
negative supply. The negative input voltage limit is equal to the negative supply voltage or 30V below 
the positive supply, whichever is less. 

Note 2: The maximum junction temperature of the LM111 is 150°C, while that of the LM211 is 
1 10°C. For operating at elevated temperatures, devices in the TO*5 package must be derated based on 
a thermal resistance of 150°C/W, junction to ambient, or 45°C/W, junction to case. For the flat 
package, the derating is based on a thermal resistance of 185°C/W when mounted on a 1/16-inch-thick 
epoxy glass board with ten, 0.03-inch-wide, 2-ounce copper conductors. The thermal resistance of the 
dual-in-line package is 100°C/W, junction to ambient. 

Note 3: These specifications apply for Vg = ±15V and -55°C <T A < 125°C, unless otherwise stated. 
With the LM211, however, all temperature specifications are limited to -25°C <T/\ <85°C. The off- 
set voltage, offset current and bias current specifications apply for any supply voltage from a single 5V 
supply up to ±15V supplies. 

Note 4: The offset voltages and offset currents given are the maximum values required to drive the 
output within a volt of either supply with a 1 mA load. Thus, these parameters define an error band 
and take into account the worst case effects of voltage gain and input impedance. 

Note 5: The response time specified (see definitions) is for a 100 mV input step with 5 mV overdrive. 
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LM111/LM211 







LM111/LM211 


typical performance characteristics 



-55 -35 -IS 5 25 45 65 85 105 125 



-55 -35 -15 5 25 45 65 85 105 125 



TEMPERATURE (°C) 


TEMPERATURE (°C) 


INPUT RESISTANCE (ft) 



-16 -12 -8 -4 0 4 8 12 16 

DIFFERENTIAL INPUT VOLTAGE (V) 


Common Mode Limits 



TEMPERATURE (°C) 



-1 -.5 0 .5 1 

DIFFERENTIAL INPUT VOLTAGE (mV) 


Response Time for Various 



TIME (ms) 


Response Time for Various 



TIME (ms) 


Output Saturation Voltage 



0 10 20 30 40 50 

OUTPUT CURRENT (mA) 


Response Time for Various 



TIME (ms) 


Response Time for Various 



TIME (ms) 


Output Limiting Characteristics 



0 5 10 15 

OUTPUT VOLTAGE (V) 
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typical performance characteristics (con't) 


Supply Current 



0 5 10 15 20 25 30 


Supply Current 



-55 -35 -15 5 25 45 65 85 105 125 


SUPPLY VOLTAGE (V) 


TEMPERATURE (°C) 


Leakage Currents 



typical applications (con't) 



Zero Crossing Detector Driving MOS Switch 





•Input polarity is 
reversed when using 
pin 1 as output. 

Driving Ground-Referred Load 




ANALOG INPUT 


Using Clamp Diodes to Improve Response 



TTL Interface with High Level Logic 
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LM111/LM211 



LM111/LM211 


typical applications (con't) 






Low Voltage Adjustable Reference Supply 





Zero Crossing Detector driving MOS logic 




Strobing off Both Input* 




of relay and protects 1C from 
severe voltage transients on 
V ++ line. 


and Output Stages 


Precision Photodiode Comparator 


Relay Driver with Strobe 



Switching Power Amplifier Switching Power Amplifier 
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Voltage Comparators/Buffers 


LM311 voltage comparator 
general description 

The LM31 1 is a voltage comparator that has input 
currents more than a hundred times lower than de- 
vices like the LM306 or LM710C. It is also de- 
signed to operate over a wider range of supply 
voltages: from standard ±15V op amp supplies 
down to the single 5V supply used for 1C logic. Its 
output is compatible with RTL, DTL and TTL as 
well as MOS circuits. Further, it can drive lamps or 
relays, switching voltages up to 40V at currents as 
high as 50 mA. 

features 

■ Operates from single 5V supply 

■ Maximum input current: 250 nA 


■ Maximum offset current: 50 nA 

■ Differential input voltage range: ±30V 

■ Power consumption: 1 35 mW at ± 1 5V 

Both the input and the output of the LM311 can 
be isolated from system ground, and the output 
can drive loads referred to ground, the positive 
supply or the negative supply. Offset balancing 
and strobe capability are provided and outputs can 
be wire OR'ed. Although slower than the LM306 
and LM710C (200 ns response time vs 40 ns) the 
device is also much less prone to spurious oscilla- 
tions. The LM311 has the same pin configuration 
as the LM306 and LM710C. 


schematic diagram and auxiliary circuits 


*Pin connections shown on schematic diagram 
and typical applications are for TO-5 package. 



Offset Balancing 




connection diagrams H 


Dual-ln-Line Package 




Note: Pm 5 connected to bottom of package. 



— ‘Increases typical common 
mode slew from 7.0V//US 
to 1BV//js. 

Increasing Input Stage Current* 
Dual-ln-Line Package 



Note: Pin 6 connected to bottom of package. 


Order Number LM311H 
See Package 1 1 


Order Number LM311F 
See Package 3 


Order Number LM311N 
See Package 20 


Order Number LM311D 
See Package 1 
Order Number LM31 IN-14 
See Package 22 
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LM311 



LM311 


absolute maximum ratings 





Total Supply Voltage (V 84 ) 36V 

Output to Negative Supply Voltage (V 74 ) 40V 

Ground to Negative Supply Voltage (V 14 ) 30V 

Differential Input Voltage ±30V 

Input Voltage (Note 1) +15V 

Power Dissipation (Note 2) 500 mW 

Output Short Circuit Duration 10 sec 

Operating Temperature Range 0°C to 70°C 

Storage Temperature Range -65°C to 150°C 

Lead Temperature (soldering, 10 sec) 300°C 




electrical characteristics (Note 3) 





PARAMETER 

CONDITIONS 

MIN 

TYP 

MAX 

UNITS 

Input Offset Voltage (Note 4) 

T a = 25°C, R S <50K 


2.0 

7.5 

mV 

Input Offset Current (Note 4) 

T a = 25° C 


6.0 

50 

nA 

Input Bias Current 

T a = 25° C 


100 

250 

nA 

Voltage Gain 

T a = 25° C 


200 


V/mV 

Response Time (Note 5) 

T a = 25° C 


200 


ns 

Saturation Voltage 

V, N < -10 mV, Iqut = 50 mA 
T a = 25° C 


0.75 

1.5 

V 

Strobe On Current 

T a = 25°C 


3.0 


mA 

Output Leakage Current 

V 1N > 10 mV, V OUT = 35V 

T a = 25°C 


0.2 

50 

nA 

Input Offset Voltage (Note 4) 

R s < 50 K 



10 

mV 

Input Offset Current (Note 4) 




70 

nA 

Input Bias Current 




300 

nA 

Input Voltage Range 



±14 


V 

Saturation Voltage 

V + > 4.5V, V“ = 0 

V, N — 1 0 m V, Isink < 8 mA 


0.23 

0.4 

V 

Positive Supply Current 

T a = 25° C 


5.1 

7.5 

mA 

Negative Supply Current 

T a = 25° C 


4.1 

5.0 

mA 

Notel: This rating applies for ±15V supplies. The positive input voltage limit is 30V above the 
negative supply. The negative input voltage limit is equal to the negative supply voltage or 30V below 
the positive supply, whichever is less. 



Note 2: The maximum junction temperature of the LM311 is 85°C. For operating at elevated 
temperatures, devices in the TO-5 package must be derated based on a thermal resistance of 150°C/W, 
junction to ambient, or 45°C/W, junction to case. For the flat package, the derating is based on a 
thermal resistance of 185°C/W when mounted on a 1 /16-inch-thick epoxy glass board with ten, 
0.03-inch-wide, 2-ounce copper conductors. The thermal resistance of the dual-in-line package is 
100°C/W, junction to ambient. 



Note 3: These specifications apply for Vg = ±15V and 0°C <T/\ <C70°C, unless otherwise specified. 
The offset voltage, offset current and bias current specifications apply for any supply voltage from 
a single 5V supply up to ±15V supplies. 



Note 4: The offset voltages and offset currents given are the maximum values required to drive the 
output within a volt of either supply with 1 mA load. Thus, these parameters define an error band and 
take into account the worst case effects of voltage gain and input impedance. 



Note 5: The response time specified (see definitions) is for a 100 mV input step with 5 mV overdrive. 




3-22 




INPUT VOLTAGE (mV) OUTPUT VOLTAGE (V) INPUT VOLTAGE (mV) OUTPUT VOLTAGE (V) INPUT BIAS CURRENT (nA) INPUT BIAS CURRENT (nA) 


typical performance characteristics 


Input Bias Current 




0 10 20 30 40 SO 60 70 80 



TEMPERATURE (°C) 


TEMPERATURE (°C) 


INPUT RESISTANCE (f2) 



-16 -12 -8 -4 0 4 8 12 16 

DIFFERENTIAL INPUT VOLTAGE (V) 


Common Mode Limits 


V + 

> - 0 5 

l " 10 

1 - 1 - 5 . 
s 

o 0.4 
S 
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a 

« 0.2 

V“ 
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0 10 20 30 40 50 60 70 

TEMPERATURE (°C) 


Transfer Function 



DIFFERENTIAL INPUT VOLTAGE (mV) 


Response Time for Various 
Input Overdrives 



0 0.2 0.4 0.6 0.8 


TIME (ps) 


Response Time for Various 



Output Saturation Voltage 








n 









m 

















































































































































0 10 20 30 40 50 

OUTPUT CURRENT (mA) 



TIME (pi) 


TIME (pi) 


OUTPUT VOLTAGE (V) 


POWER DISSIPATION (W) 





LM311 


typical performance characteristics (con't) 


Supply Current 



0 5 10 15 20 25 30 


Supply Current 



0 10 20 30 40 50 60 70 80 


Leakage Currents 



25 35 45 55 65 75 


SUPPLY VOLTAGE (V) 


TEMPERATURE (°C| 


TEMPERATURE (°C) 


typical applications 



Detector for Magnetic Transducer 



Zero Crossing Detector 
Driving MOS Switch 





•Input polarity is reversed v ‘ 
when using pin 1 as output. 

Driving Ground-Referred Load 



• ANALOG INPUT 

Using Clamp Diodes to Improve Response 
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typical applications (con't) 





'ROM 0/A NETWORK 



Strobing off Both Input* 
and Output Stages 



Low Voltage Adjustable Reference Supply 



Zero Crossing Detector driving MOS logic 





Precision Photodiode Comparator 


V+ + line. 

Relay Driver with Strobe 



Switching Power Amplifier Switching Power Amplifier 




LM119/LM219 


KIS Voltage Comparators/Buffers 


LM119/LM219 high speed dual comparator 
general description 


The LM119/LM219 are precision high speed dual 
comparators fabricated on a single monolithic 
chip. They are designed to operate over a wide 
range of supply voltages down to a single 5V logic 
supply and ground. Further, they have higher 
gain and lower input currents than devices like 
the LM710. The uncommitted collector of the 
output stage makes the LM119 compatible with 
RTL, DTL and TTL as well as capable of driving 
lamps and relays at currents up to 25 mA. Out- 
standing features include: 

features 

■ Two independent comparators 

■ Operates from a single 5V supply 

■ Typically 80 ns response time at ±15V 

■ Minimum fan-out of 2 each side 


■ Maximum input current of 1 //A over tempera- 
ture 

■ Inputs and outputs can be isolated from system 
ground 

■ High common mode slew rate 

Although designed primarily for applications re- 
quiring operation from digital logic supplies, the 
LM119 is fully specified for power supplies up to 
±15V. It features faster response than the LM111 
at the expense of higher power dissipation. How- 
ever, the high speed, wide operating voltage range 
and low package count make the LM119 much 
more versatile than older devices like the LM711. 

The LM219 is identical to the LM1 19, except that 
its performance is specified over a -25°C to 85°C 
temperature range instead of -55°C to 125°C. 


schematic and connection diagrams 


Dual- 1 n-Line-Package 




Order Number LM119D or LM219D 
See Package 1 


Metal Can Package 



typical applications 




Order Number LM119H or LM219H 
See Package 12 



Window Detector 


Order Number LM119F or LM219F 
See Package 3 




absolute maximum ratings 


Total Supply Voltage 

36V 

Power Dissipation (Note 2) 

500 mW 

Output to Negative Supply Voltage 

36V 

Output Short Circuit Duration 

10 sec 

Ground to Negative Supply Voltage 

25V 

Operating Temperature Range LM119 

-55°C to 125°C 

Ground to Positive Supply Voltage 

18V 

LM219 

-25°C to 85°C 

Differential Input Voltage 

±5V 

Storage Temperature Range 

-65°C to 150°C 

Input Voltage (Note 1) 

±15V 

Lead Temperature (Soldering, 10 sec) 

300°C 


electrical characteristics (Note 3) 


PARAMETER 

CONDITIONS 

MIN 

TYP 

MAX 

UNITS 

Input Offset Voltage (Note 4) 

T A = 25°C, R s ^5k 


0.7 

4.0 

mV 

Input Offset Current (Note 4) 

T a = 25°C 


30 

75 

nA 

Input Bias Current 

T a = 25°C • 


150 

500 

nA 

Voltage Gain 

T a = 25°C 

10 

40 


V/mV 

Response Time (Note 5) 

T A = 25°C V S = ±15V 


80 


ns 

Saturation Voltage 

V | jsg -5 mV, Iout = 25 mA 

T A = 25°C 


0.75 

1.5 

V 

Output Leakage Current 

V IN ^ 5 mV, V OUT = 35V 

T a = 25°C 


0.2 

2 

pA 

Input Offset Voltage (Note 4) 

R s ^5k 



7 

mV 

Input Offset Current (Note 4) 




100 

nA 

Input Bias Current 




1000 

nA 

Input Voltage Range 

V s = ±15V 


±13 


V 


V + = 5V, V~ = 0 

1 


3 

V 

Saturation Voltage 

V + > 4.5V, V" = 0 

V 1N ^-6mV, I s ,nk^ 3.2 mA 

t a >o°c 


0.23 

0.4 

V 


t a ^o°c 



0.6 

V 

Output Leakage Current 

V 1N ^ 5 mV, Vqut = 35V 


1 

10 

MA 

Differential Input Voltage 




±5 

V 

Positive Supply Current 

T a = 25°C, V + = 5V, V" = 0 


4.3 


mA 

Positive Supply Current 

T A = 25°C V s = ±15V 


8 

11.5 

mA 

Negative Supply Current 

T a = 25°C V S = ±15V 


3 

4.5 

mA 


Note 1: For supply voltages less than ±15V the absolute maximum input voltage is equal to the supply voltage. 

Note 2: The maximum junction temperature of the LM119 is 150°C, while that of the LM219 is 110°C. For operating at 
elevated temperatures, devices in the TO-5 package must be derated based on a thermal resistance of 150°C/W, junction to 
ambient, or 45°C/W, junction to case. For the flat package, the derating is based on a thermal resistance of 185°C/W when 
mounted on a 1/16-inch-thick epoxy glass board with ten, 0.03-inch-wide, 2-ounce copper conductors. The thermal resistance 
of the dual-in-line package is 100°C/W, junction to ambient. 

Note 3: These specifications apply for Vg = ±15V and -55°C < T A < 125°C, unless otherwise stated. With the LM219, 
however, all temperature specifications are limited to -25°C < T A < 85°C. The offset voltage, offset current and bias current 
specifications apply for any supply voltage from a single 5V supply up to ±15V supplies. 

Note 4: The offset voltages and offset currents given are the maximum values required to drive the output within a volt of ei- 
ther supply with a 1 mA load. Thus, these parameters define an error band and take into account the worst case effects of 
voltage gain and input impedance. 

Note 5: The response time specified is for a 100 mV input step with 5 mV overdrive. 
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LM119/LM219 



LM119/LM219 


typical performance characteristics 




Response Time for Various 
Input Overdrives 
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IMS Voltage Comparators/Buffers 


LM319 high speed dual comparator 


general description 

The LM319 is a precision high speed dual com- 
parator fabricated on a single monolithic chip. It is 
designed to operate over a wide range of supply 
voltages down to a single 5V logic supply and 
ground. Further, it has higher gain and lower 
input currents than devices like the LM710. The 
uncommitted collector of the output stage makes 
the LM319 compatible with RTL, DTL and TTL 
as well as capable of driving lamps and relays at 
currents up to 25 mA. 

features 

■ Two independent comparators 

■ Operates from a single 5V supply 

■ Typically 80 ns response time at ±15V 


■ Minimum fan-out of 2 each side 

■ Maximum input current of 1 /iA 

■ Inputs and outputs can be isolated from system 
ground 

■ High common mode slew rate 

Although designed primarily for applications 
requiring operation from digital logic supplies, the 
LM319 is fully specified for power supplies up to 
±15V. It features faster response than the LM111 
at the expense of higher power dissipation. How- 
ever, the high speed, wide operating voltage range 
and low package count make the LM319 much 
more versatile than older devices like the LM711. 

The LM319 has its performance specified over a 
0°C to 70°C temperature range. 



schematic and connection diagrams 



Metal Can Package' 1 ' 



Order Number 
LM319H 
See Package 12 



Wide Range Variable Oscillator 
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LM319 





LM319 


absolute maximum ratings 


Total Supply Voltage 

36V 

Power Dissipation (Note 2) 

500 mW 

Output to Negative Supply Voltage 

36V 

Output Short Circuit Duration 

10 sec 

Ground to Negative Supply Voltage 

25V 

Operating Temperature Range LM319 

0°C to 70°C 

Ground to Positive Supply Voltage 

18V 

Storage Temperature Range 

-65°C to 150°C 

Differential Input Voltage 

±5V 

Lead Temperature (Soldering, 10 sec) 

300°C 

Input Voltage (Note 1) 

±15V 


electrical characteristics 

(Note 3) 




PARAMETER 

CONDITIONS 

MIN 

TYP 

MAX 

UNITS 

Input Offset Voltage (Note 4) 

T A = 25°C, R s ^5k 


2.0 

8.0 

mV 

Input Offset Current (Note 4) 

T a = 25°C 


80 

200 

nA 

Input Bias Current 

T a = 25°C 


250 

1000 

nA 

Voltage Gain 

T a = 25°C 

8 

40 


V/mV 

Response Time (Note 5) 

T a = 25°C V s = ±15V 


80 


ns 

Saturation Voltage 

V IN ^-10mV, l 0 uT=25mA 

T a = 25°C 


0.75 

1.5 

V 

Output Leakage Current 

V IN ^10mV, V OU t = 35V 

T a = 25°C 


0.2 

10 

MA 

Input Offset Voltage (Note 4) 

R s ^5k 



10 

mV 

Input Offset Current (Note 4) 




300 

nA 

Input Bias Current 




1200 

nA 

Input Voltage Range 

V s = ±15V 


±13 


V 


V + = 5V, V~ = 0 

1 


3 

V 

Saturation Voltage 

V + ^ 4.5V, V" = 0 

Vin <1-10 mV, Isink ^3.2 mA 


0.3 

0.4 

V 

Differential Input Voltage 




±5 

V 

Positive Supply Current 

T a = 25°C, V + = 5V, V" = 0 


4.3 


mA 

Positive Supply Current 

T A = 25°C V s = ±15V 


8 

12.5 

mA 

Negative Supply Current 

T A = 25°C V s = ±15V 


3 

5 

mA 


Note 1 : For supply voltages less than ± 1 5V the absolute maximum input voltage is equal to the supply voltage. 

Note 2: The maximum junction temperature of the LM319 is 85°C. For operating at elevated temperatures, devices in the 
TO-5 package must be derated based on a thermal resistance of 150°C/W, junction to ambient, or45°C/W, junction to case. 
The thermal resistance of the dual-in-line package is 100°C/W, junction to ambient. 

Note 3: These specifications apply for Vg = ±15V and 0°C < T/\ < 70°C, unless otherwise stated. The offset voltage, offset 
current and bias current specifications apply for any supply voltage from a single 5V supply up to ±15V supplies. 

Note 4: The offset voltages and offset currents given are the maximum values required to drive the output within a volt of 
either supply with a 1 mA load. Thus, these parameters define an error band and take into account the worst case effects of 
voltage gain and input impedance. 

Note 5: The response time specified is for a 100 mV input step with 5 mV overdrive. 
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SUPPLY VOLTAGE (±V) 


OUTPUT VOLTAGE LOW (V) POWER DISSIPATION (W) 







LM139/LM239/LM339 


KIS Voltage Comparators/Buffers 


LM139/LM239/LM339 quad comparator 


general description 

The LM139 series consists of four independent 
voltage comparators which were designed specifi- 
cally to operate from a single power supply over a 
wide range of voltages. Operation from split power 
supplies is also possible and the low power supply 
current drain is independent of the magnitude of 
the power supply voltage. These comparators also 
have a unique characteristic in that the input 
common-mode voltage range includes ground, 
even though operated from a single power supply 
voltage. 

Application areas include limit comparators, simple 
analog to digital converters; pulse, squarewave and 
time delay generators; wide range VCO; MOS clock 
timers; multivibrators and high voltage digital logic 
gates. The LM139 series was designed to directly 
interface with TTL and CMOS. When operated 
from both plus and minus power supplies, the 
LM339 will directly interface with MOS logic — 
where the low power drain of the LM339 is a 
distinct advantage over standard comparators. 

advantages 

■ Eliminates need for dual supplies 


■ Allows sensing near GND 

■ Compatible with all forms of logic 

■ Power drain suitable for battery operation 

features 

■ Wide single supply 

Voltage range 2 V DC to 36 V DC 

or dual supplies ±1 V DC to ±18 V DC 

■ Very low supply current drain (0.8 mA) — 
independent of supply voltage (1 mW/compara- 
tor at +5 V DC ) 

■ Low input biasing current 35 nA 

■ Low input offset current 3 nA 

and offset voltage 3 mV 

■ Input common-mode voltage range includes 
ground 

■ Differential input voltage range equal to the 
power supply voltage 

■ Low output 1 mV at 5juA 

saturation voltage 70 mV at 1 mA 

■ Output voltage compatible with TTL (fanout of 
2), DTL, ECL, MOS and CMOS logic systems 


schematic and connection diagrams 


v + 



typical applications 


Dual-ln-Line and Flat Package 


OUTPUT 3 OUTPUT 4 GND INPUT 4+ INPUT 4- INPUT 3* INPUT 3- 
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TOP VIEW 


Order Number Order Number Order Number 
LM139F LM139D, LM239D, LM339N 
See Package 4 or LM339D See Package 22 

See Package 1 


♦5Vdc 
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absolute maximum ratings 


Supply Voltage, V + 36 V DC or ±18 V DC 

Differential Input Voltage 36 V DC 

Input Voltage -0.3 V DC to +36 V D c 

Power Dissipation (Note 1) 

Molded DIP (LM339N) 570 mW 

Cavity DIP (LM139D, LM239D & LM339D) 900 mW 

Flat Pack (LM139F) 800 mW 

Output Short-Circuit to GND (Note 2) Continuous 


Input Current (V IN < -0.3 V DC ((Note 3) 
Operating Temperature Range 
LM339 
LM239 
LM 139 

Storage Temperature Range 

Lead Temperature (Soldering, 10 seconds) 


50 mA 

0°C to +70°C 
-25°C to +85°C 
-55°C to +125°C 
-65°C to +150°C 
300°C 


electrical characteristics (v + = +5.o v DC ,see Note 4) 


PARAMETER 

CONDITIONS 

| LM139 

| LM239, LM339 


MIN 

TYP 

MAX 

MIN 

TYP 

MAX 


Input Offset Voltage 

T a = +25°C (Note 9) 


±2 

+ 5.0 


±2 

±50 

mV DC 

Input Bias Current (Note 5) 

1 in i • ) or 1 in (.) With Output in 


25 

100 


25 

250 

nA oc 


Linear Range, T a = +25°C 








Input Offset Current 

I.Nto-I.Ni ,.T A =+25°C 


±3 

±25 


±5 

±5Q 

nA DC 

Input Common-Mode Voltage 
Range (Note 6) 

T a = +25°C 

0 

j 


V + -1.5 

0 


V + -1.5 

V DC 

Supply Current 

R l = 00 On All Comparators 

T a = +25°C 


0.8 

2.0 


0.8 

2.0 

mApc 

Voltage Gain 

R l > 15 kS2, T a = +25°C 


200 



200 


V/mV 

Large Signal Response Time 

Vin = TTL Logic Swing, 

V REF =+1.4 V dc .V rl = 

5.0 V DC and R l = 5.1 kfi 


300 



300 


ns 

Response Time (Note 7) 

V, RL = 5.0 V Dc and R L = 

5.1 kn,T A = +25°C 


1.3 



1.3 


A<s 

Output Sink Current 

V|N|.)>+1.0V DCl V IN( ,| =0 
and V 0 < +1.5 V DC , T A = +25°C 

6 

16 


6 

16 


mA DC 

Saturation Voltage 

V IN( ) > +1.0 V DC , V|N ( +) = o 
and Iqink ^ 4.0 mA, T A = +25 C 


250 

500 


250 

500 

mV DC 

Output Leakage Current 

V,N<*,>+1.0 V DC , V.N,-, =0 
and V OUT = 5.0V DC ,T A = +25°C 


0.1 



0.1 


nA DC 

Input Offset Voltage 

(Note 9) 



9.0 



9.0 

mV DC 

Input Offset Current 

*IN <*) " 1 IN (-) 



±100 



±150 

nA DC 

Input Bias Current 

Iini+) or 1 in (_) With Output in 

Linear Range 



300 



400 

nA DC 

Input Common-Mode Voltage 
Range 


0 


V + -2.0 

0 


V + -2.0 

Voc 

Saturation Voltage 

V in (_> >+1.0V DC ,V| N(t ,=0 
and I s ,nk < 4.0 mA 



700 



700 

mV DC 

Output Leakage Current 

Vin(+) >+1.0 V DC , V IN( _, =0 
and Vout = 30 V DC 



1.0 



1.0 

MA D c 

Differential Input Voltage 

Keep All V| N 's>0V DC (or 



36 



36 

Vdc 

(Note 8) 

V~, if used) 









Note 1: For operating at high temperatures, the LM339 must be derated based on +125°C maximum junction temperature and a thermal 
resistance of +175°C/W which applies for the device soldered in a printed circuit board, operating in a still air ambient. The LM239 and 
LM139 must be derated based on a +150°C maximum junction temperature. The low bias dissipation and the ON-OFF characteristic of the 
outputs keeps the chip dissipation very small (Pd < 100 mW), provided the output transistors are allowed to saturate. 

Note 2: Short circuits from the output to V + can cause excessive heating and eventual destruction. The maximum output current is 
approximately 20 mA independent of the magnitude of V . 

Note 3: This input current will only exist when the voltage at any of the input leads is driven negative. It is due to the collector-base 
junction of the input PNP' transistors becoming forward biased and thereby acting as input diode clamps. In addition to this diode action, 
there is also lateral NPN parasitic transistor action on the 1C chip. This transistor action can cause the output voltages of the comparators 
to go to the V voltage level (or to ground for a large overdrive) for the time duration that an input is driven negative. This is not destructive 
and normal output states will re-establish when the input voltage, which was negative, again returns to a value greater than -0.3 Vqq. 

Note 4: These specifications apply for V + = +5.0 Vqc and -55°C < T/\ < +125°C, unless otherwise stated. With the LM239, all 
temperature specifications are limited to -25°C < T/\ < +85°C and the LM339 temperature specifications are limited to 0°C < T/\ < +70°C. 
Note 5: The direction of the input current is out of the 1C due to the PNP input stage. This current is essentially constant, independent of 
the state of the output so no loading change exists on the reference or input lines. 

Note 6: The input common-mode voltage or either input signal voltage should not be allowed to go negative by more than 0.3V. The upper 
end of the common-mode voltage range is V - 1.5V, but either or both inputs can go to +30 Vqc without damage. 

Note 7: The response time specified is for a 100 mV input step with 5.0 mV overdrive. For larger overdrive signals 300 ns can be obtained, 
see typical performance characteristics section. 

Note 8: The positive excursions of the input can exceed the power supply voltage level, and if the other input voltage remains within the 
common-mode voltage range, the comparator will provide a proper output state. The low input voltage state must not be less than -0.3 Vqc 
( or 0.3 Vqc below the magnitude of the negative power supply voltage, if used). 

Note 9: At output switch point, Vq = 1.4 Vqc, Fig = On with V + from 5 Vqc to 30 Vqc; and over the full input common mode range (0 Vqc to V + 

±1-5 V DC ). 
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LM139/LM239/LM339 







LM139/LM239/LM339 


typical performance characteristics 



0 10 20 30 40 

V + - SUPPLY VOLTAGE (V DC ) 



Response Time for Various 
Input Overdrives — Negative 
Transition 


Response Time for Various 
Input Overdrives — Positive 
Transition 




application hints 

The LM139 is a high gain, wide bandwidth 
device; which, like most comparators, can easily 
oscillate if the output lead is inadvertently allowed 
to capacitively couple to the inputs via stray 
capacitance. This shows up only during the output 
voltage transition intervals as the comparator chan- 
ges states. Power supply bypassing is not re- 
quired to solve this problem. Standard PC board 
layout is helpful as it reduces stray input-output 
coupling. Reducing the input resistors to <10 k£7 
reduces the feedback signal levels and finally, 
adding even a small amount (1 to 10 mV) of posi- 
tive feedback (hysteresis) causes such a rapid tran- 
sition that oscillations due to stray feedback are 
not possible. Simply socketing the l/C and attach- 
ing resistors to the pins will cause input-output 
oscillations during the small transition intervals 
unless hysteresis is used. If the input signal is a 
pulse waveform, with relatively fast rise and fall 
times, hysteresis is not required. 

All pins of any unused comparators should be 
grounded. 

The bias network of the LM139 establishes a 
drain current which is independent of the magni- 
tude of the power supply voltage over the range of 
from 2 V dc to 30 Vqq. 

It is usually unnecessary to use a bypass capacitor 
across the power supply line. 


The differential input voltage may be larger than 
V + without damaging the device. Protection should 
be provided to prevent the input voltages from 
going negative more than -0.3 V DC (at 25°C). An 
input clamp diode and input resistor can be used 
as shown in the applications section. 

The output of the LM139 is the uncommitted 
collector of a grounded-emitter NPN output tran- 
sistor. Many collectors can be tied together to pro- 
vide an output OR'ing function. An output "pull- 
up" resistor can be connected to any available 
power supply voltage within the permitted supply 
voltage range and there is no restriction on this 
voltage due to the magnitude of the voltage which 
is applied to the V + terminal of the LM139 pack- 
age. The output can also be used as a simple SPST 
switch to ground (when a "pull-up" resistor is not 
used). The amount of current which the output 
device can sink is limited by the drive available 
(which is independent of V + ) and the f 3 of this 
device. When the maximum current limit is 
reached (approximately 16 mA), the output tran- 
sistor will come out of saturation and the output 
voltage will rise very rapidly. The output satura- 
tion voltage is limited by the approximately 60S7 
Tgat of the output transistor. The low offset voltage 
of the output transistor (1 mV) allows the output 
to clamp essentially to ground level for small load 
currents. 
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typical applications (con't) 
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LM139/LM239/LM339 










typical applications (con't) 




Squarewave Oscillator 


Crystal Controlled Oscillator 



Two-Decade High-Frequency VCO 




Basic Comparator Non-Inverting Comparator with Hysteresis 


Inverting Comparator with Hysteresis 




Comparing Input Voltages 
of Opposite Polarity 


Output Strobing 
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LM139A/LM239A/LM339A 


IMS Voltage Comparators/Buffers 

LM139A/LM239A/LM339A low offset voltage 
quad comparator 


general description 

The LM139A series consists of four independent 
precision voltage comparators with an offset volt- 
age specification of 2.0 mV max. for all four 
comparators which were designed specifically to 
operate from a single power supply over a wide 
range of voltages. Operation from split power 
supplies is also possible and the low power supply 
current drain is independent of the magnitude of 
the power supply voltage. These comparators also 
have a unique characteristic in that the input 
common-mode voltage range includes ground, 
even though operated from a single power supply 
voltage. 

Application areas include limit comparators, simple 
analog to digital converters; pulse, squarewave 
and time delay generators; wide range VCO; MOS 
clock timers; multivibrators and high voltage digital 
logic gates. The LM139A series was designed to 
directly interface with TTL and CMOS. When 
operated from both plus and minus power supplies, 
the LM339A will directly interface with MOS 
logic— where the low power drain of the LM339A 
is a distinct advantage over standard comparators. 

advantages 

■ High precision comparators 

■ Reduced V Q s drift over temperature 


■ Eliminates need for dual supplies 

■ Allows sensing near GND 

■ Compatible with all forms of logic 

■ Power drain suitable for battery operation 

features 

■ Wide single supply 

Voltage range 2.0 V DC to 36 V DC 

or dual supplies ±1 .0 V DC to ±18 V DC 

■ Very low supply current drain (0.8 mA)— 
independent of supply voltage (1.0 mW/com- 
parator at +5.0 V DC ) 

■ Low input biasing current 35 nA 

■ Low input offset current 3.0 nA 

and maximum offset voltage 2.0 mV 

■ Input common-mode voltage range includes 
ground 

■ Differential input voltage range equal to the 
power supply voltage 

■ Low output 1.0 mV at 5.0/zA 

saturation voltage 70 mV at 1.0 mA 

■ Output voltage compatible with TTL, DTL, 
ECL, MOS and CMOS logic systems 


schematic and connection diagrams 


Dual-In-Line and Flat Package 




LM139AF 
See Package 4 


LM239AD or LM339AD 
See Package 1 


LM339AN 
See Package 22 
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absolute maximum ratings 








Supply Voltage, V + 36 V[)c or ±1 8 Vqc 

Differential! nput Voltage 36Voc 

Input Voltage ^ — 0.3 V^c to +36 Vqc 

Power Dissipation (Note 1) 

Molded DIP (LM339AN) 570 mW 

Cavity DIP (LM139AD, LM239AD, 

and LM339AD) 900 mW 

Flat Pack (LM139AF) 800 mW 

Output Short-Circuit to GND (Note 2) Continuous 

Input Current (V||\j < —0.3 (Note 3) 50 mA 

Operating Temperature Range 

LM339A 0°C to +70° C 

LM239A -25° C to +85° C 

LM139A — 55°C to +1 25° C 

Storage Temperature Range -65° C to +150°C 

Lead Temperature (Soldering, 10 seconds) 300° C 

electrical characteristics (v + = +5.o v DC ,see Note4) 






CONDITIONS 

LM139A 

LM239A, LM339A 

UNITS 

rWl I AlVI t 1 ilti 

MIN 

TYP 

MAX 

MIN 

TYP 

MAX 

Input Offset Voltage 

T a = +25° C (Note 9) 


+ 1.0 

±2.0 


±1.0 

±2.0 

mV DC 

Input Bias Current (Note 5) 

1 in 1 +) or l| N( _) with Output in 

Linear Range, T a = +25°C 


25 

100 


25 

250 

nA 0C 

Input Offset Current 

1 in (+) “ 1 in (-) i T a = +25°C 


±3.0 

±25 


±5 0 

±50 

nA DC 

Input Common-Mode Voltage 
Range (Note 6) 

T a = +25°C 

0 


V + ~1.5 

0 


V+-1.5 

V D c 

Supply Current 

R l = 00 on all Comparators 

T a = +25°C 


0.8 

2.0 


0.8 

2.0 

mA DC 

Voltage Gam 

R l > 15 kJ2, T a = +25°C, 

V + = 1 5 V DC (To Support 

Large V Q Swing) 

50 

200 


50 

200 


V/mV 

Large Signal Response Time 

v iN = TTL Logic Swing, V REF = 

+ 1.4 V DC , Vr l = 5.0 V DC , R L = 

5.1 kft and T A = +25° C 


300 



300 


ns 

Response Time (Note 7) 

V Rl = 5.0 V DC and R L = 5.1 kfi, 

T a = +25°C 


1.3 



1.3 


Us 

Output Sink Current 

V,n(-i>+1.0V DCi V inw = 0, 
and V 0 < +1 .5 V DC , T A = +25°C 

6.0 

16 


6.0 

16 


mA DC 

Saturation Voltage 

V,nw >+i.o v DC ,v IN(+) =o, 
anc l 'sink < 4.0 mA, T A = +25°C 


250 

500 


250 

500 

mV oc 

Output Leakage Current 

V 1N ( + )>+1-0V dc ,V in( . ) =O 
and Vo = 5.0 Vqc< T a = +25°C 


0.1 



0.1 


nAnc 

Input Offset Voltage 

(Note 9) 



4.0 



4.0 

mV DC 

Input Offset Current 

W)-I.N(-) 



±100 



±150 

nA DC 

Input Bias Current 

• in(+) or 1 in (-) with Output in 

Linear Range 



300 



400 

nA DC 

Input Common-Mode Voltage 
Range 


0 


V+-2.0 

0 


V f -2.0 

Vdc 

Saturation Voltage 

V|Nl-)>+1.0V DC ,V INlt) =0 
and Isink ^ 4.0 mA 



700 



700 

mV DC 

Output Leakage Current 

V, N(+) > + 1.0 v DC , V IN( .,=0 
and V o = 30 Vqq 



1.0 



1.0 

u a dc 

Differential Input Voltage 
(Note 8) 

Keep all V IN 's >0 V DC (or V", if 
used) 




V + 



V + 

Vdc 

Note 1: For operating at high temperatures, the LM339A must be derated based on a +125°C maximum junction temperature and a thermal resistance 
of + 175°C/W which applies for the device soldered in a printed circuit board, operating in a still air ambient. The LM239A and LM139A must be derated 
based on a + 150°C maximum junction temperature. The low bias dissipation and the ON-OFF characteristic of the outputs keeps the chip dissipation very 
small (Pd < 100 mW), provided the output transistors are allowed to saturate. 

Note 2: Short circuits from the output to V + can cause excessive heating and eventual destruction. The maximum output current is approximately 20 mA 
independent of the magnitude of V + . 

Note 3: This input current will only exist when the voltage at any of the input leads is driven negative. It is due to the collector-base junction of the input PNP 
transistors becoming forward biased and thereby acting as input diode clamps. In addition to this diode action, there is also lateral NPN parasitic transistor 
action on the 1C chip. This transistor action can cause the output voltages of the comparators to go to the V + voltage level (or to ground for a large overdrive) 
for the time duration that an input is driven negative. This is not destructive and normal output states will re-establish when the input voltage, which was 
negative, again returns to a value greater than -0.3 Vqc. 

Note 4: These specifications apply for V + = +5.0 Vqq and -55°C < T^ < +125°C, unless otherwise stated. With the LM239A all temperature specifications 
are limited to -25°C < T^ < +85°C and the LM339A temperature specifications are limited to 0°C < T/\ < +70°C. 

Note 5: The direction of the input current is out of the 1C due to the PNP input stage. This current is essentially constant, independent of the state of 
the output so no loading change exists on the reference or input lines. 

Note 6: The input common-mode voltage or either input signal voltage should not be allowed to go negative by more than 0.3V. The upper end of the 
common-mode voltage range is V + -1.5V, but either or both inputs can go to +30 Vqq without damage. 

Note 7: The response time specified is for a 100 mV input step with 5.0 mV overdrive. For larger overdrive signals 300 ns can be obtained, see typical 
performance characteristics section. 

Note 8: If the voltage applied to any input exceeds V + , all four comparator outputs will go to the high voltage level. The low input voltage state must not 
be less than -0.3 Vqc l° r 0-3 Vdc below the magnitude of the negative power supply, if used). 

Note 9: At output switch point, Vq = 1 .4 Vdc, Rg = 0S7 with V + from 5.0 Vqq to 30 Vdc*' ar, d over the full input common mode range (0 Vdc to V + -1 .5 Vqc). 
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LM139A/LM239A/LM339A 




LM139A/LM239A/LM339A 


typical performance characteristics 


Supply Current 




0 10 20 30 40 

V + - SUPPLY VOLTAGE (V DC ) 



0.01 0.1 1.0 10 100 


lo - OUTPUT SINK CURRENT (mA) 


Response Time for Various 
Input Overdrives — Negative 
Transition 


Response Time for Various 
Input Overdrives — Positive 
Transition 




5.0 m 

/= INPUT OVERDRIVE | 

-20 

1 

mV- - 

’3 

r 

r~r r \ ~ 

♦5 Vo r 






10 

0 mV 



3 




_ 














n 


















n 








lIL 


0 0.5 1.0 1.5 2.0 

TIME (ms) 



TIME (ms) 


application hints 

The LM139A is a high gain, wide bandwidth 
device; which, like most comparators, can easily 
oscillate if the output lead is inadvertently allowed 
to capacitively couple to the inputs via stray 
capacitance. This shows up only during the output 
voltage transition intervals as the comparator 
changes states. Power supply bypassing is not 
required to solve this problem. Standard PC board 
layout is helpful as it reduces stray input-output 
coupling. Reducing the input resistors to < 10 kfi 
reduces the feedback signal levels and finally, 
adding even a small amount (1.0 to 10 mV) of 
positive feedback (hysteresis) causes such a rapid 
transition that oscillations due to stray feedback 
are not possible. Simply socketing the 1C and 
attaching resistors to the pins will cause input- 
output oscillations during the small transition 
intervals unless hysteresis is used. If the input 
signal is a pulse waveform, with relatively fast 
rise and fall times, hysteresis is not required. 

All pins of any unused comparators should be 
grounded. 

The bias network of the LM139A establishes a 
drain current which is independent of the magni- 
tude of the power supply voltage over the range 
of from 2.0 Vqq to 30 Vq^. 

It is usually unnecessary to use a bypass capacitor 
across the power supply line. 


The differential input voltage may be larger than 
V + without damaging the device (see Note 8). 
Protection should be provided to prevent the input 
voltages from going negative more than -0.3 V DC 
(at 25°C). An input clamp diode can be used as 
shown in the applications section. 


The output of the LM139A is the uncommitted 
collector of a grounded-emitter NPN output tran- 
sistor. Many collectors can be tied together to 
provide an output OR'ing function. An output 
pull-up resistor can be connected to any available 
power supply voltage within the permitted supply 
voltage range and there is no restriction on this 
voltage due to the magnitude of the voltage which 
is applied to the V + terminal of the LM139A 
package. The output can also be used as a simple 
SPST switch to ground (when a pull-up resistor is 
not used). The amount of current which the 
output device can sink is limited by the drive 
available (which is independent of V + ) and the |3 
of this device. When the maximum current limit 
is reached (approximately 16 mA), the output 
transistor will come out of saturation and the 
output voltage will rise very rapidly. The output 
saturation voltage is limited by the approximately 
60H r Mt of the output transistor. The low offset 
voltage of the output transistor (1.0 mV) allows 
the output to clamp essentially to ground level 
for small load currents. . 
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LM160/LM260/LM36 


KIS Voltage Comparators/Buffers 


LM160/LM260/LM360 high speed differential comparator 
general description features 


The LM160/LM260/LM360 is a very high speed 
differential input, complementary TTL output 
voltage comparator with improved characteristics 
over the ^A760//iA760C, for which it is a pin-for- 
pin replacement. The device has been optimized 
for greater speed, input impedance and fan-out, 
and lower input offset voltage. Typically delay 
varies only 3 ns for overdrive variations of 5 mV 
to 500 mV. 

Complementary outputs having minimum skew 
are provided. Applications involve high speed 
analog to digital convertors and zero-crossing 
detectors in disc file systems. 


features 

■ Guaranteed high speed 20 ns max 

■ Tight delay matching on both outputs 

■ Complementary TTL outputs 

■ High input impedance 

■ Low speed variation with overdrive variation 


Fan-out of 4 


Low input offset voltage 
Series 74 TTL compatible 


Metal Can Package 


schematic and connection diagrams 




Order Number LM160H, LM260H or LM360H 
See Package 1 1 


Dual-1 n-Line Package 




Order Number LM360N-8 
See Package 20 


Dual-In-Line and Flat Packages 



Order Number LM160D, LM260D or LM360D 
See Package 1 
Order Number LM360N-14 
See Package 22 
Order Number LM160F 
See Package 4 





absolute maximum ratings 





Positive Supply Voltage 

Negative Supply Voltage 

Peak Output Current 

Differential Input Voltage 

Input Voltage 

+8V Operating Temperature Range 

-8V LM160 

20 mA LM260 

±5V LM360 

V + > V tN > V~ Storage Temperature Range 

Lead Temperature (Soldering, 10 sec) 

-55°C to +125°C 
-25°C to +85°C 

0°C to +70°C 
-65°C to +1 50°C 

300°C 

electrical characteristics (t m1n <t a <t max ) 





PARAMETER 

CONDITIONS 

MIN 

TYP 

MAX 

UNITS 

Operating Conditions 






Supply Voltage V cc + 


4.5 

5 

6.5 

V 

Supply Voltage V cc ~ 


-4.5 

-5 

-6.5 

V 

Input Offset Voltage 

R s < 20012 


2 

5 

mV 

Input Offset Current 



.5 

3 

MA 

Input Bias Current 



5 

20 

ma 

Output Resistance (Either Output) 

Vout = Vqh 


100 


12 

Response Time 

T a = 25°C, V s =±5V (Note 1) 


13 

25 

ns 


T a = 25°C, V s = ±5V (Note 2) 


12 

20 

ns 


T a = 25°C, V s = ±5V (Note 3) 


14 


ns 

Response Time Difference Between Outputs 






(t P d of +V, N i ) - (t pd of -V (N2 ) 

T a = 25°C, (Note 1) 


2 


ns 

(tp d of +V (N2 ) - (t pd of -V, N1 ) 

T a = 25° C, (Note 1) 


2 


ns 

(tpd of +V )N1 ) - (t P d of +V jN2 ) 

T a = 25°C, (Note 1) 


2 


ns 

(tpd ini ) ~ (tpd of -V, N2 ) 

T a = 25°C, (Note 1 ) 


2 


ns 

Input Resistance 

f = 1 MHz 


17 


k!2 

Input Capacitance 

f = 1 MHz 


3 


pF 

Average Temperature Coefficient of Input 
Offset Voltage 

R s = 5012 


8 


MV/°C 

Average Temperature Coefficient of Input 
Offset Current 



7 


nA/°C 

Common Mode Input Voltage Range 

V s = ±6.5V 

±4 

±4.5 


V 

Differential Input Voltage Range 


±5 



V 

Output High Voltage (Either Output) 

Iout = -320pA, V s = ±4.5V 

2.4 

3 


V 

Output Low Voltage (Either Output) 

(sink = 6.4 mA 


.25 

.4 

V 

Positive Supply Current 

V s = ±6.5V 


18 

32 

mA 

Negative Supply Current 

V s = ±6.5V 


-9 

-16 

mA 

Note 1: Response time measured from the 50% point of a 30 mVp.p 10 MHz sinusoidal input to the 50% point of the output. 

Note 2: Response time measured from the 50% point of a 2 Vp.p 10 MHz sinusoidal input to the 50% point of the output. 

Note 3: Response time measured from the start of a 100 mV input step with 5 mV overdrive to the time when the output 
crosses the logic threshold. 
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LM160/LM260/LM360 




LM161/LM261/LM361 


KIS Voltage Comparators/Buffers 

LM161/LM261/LM361 high speed differential comparators 


general description 

The LM161/LM261/LM361 is a very high speed 
differential input, complementary TTL output 
voltage comparator with improved characteristics 
over the SE529/NE529 for which it is a pin-for-pin 
replacement. The device has been optimized for 
greater speed performance and lower input offset 
voltage. Typically delay varies only 3 ns for 
over-drive variations of 5 mV to 500 mV. It may 
be operated from op amp supplies (±15V). 

Complementary outputs having minimum skew 
are provided. Applications involve high speed 
analog to digital convertors and zero-crossing 
detectors in disc file systems. 


features 

■ Independent strobes 

■ Guaranteed high speed 20 ns max 

■ Tight delay matching on both outputs 

■ Complementary TTL outputs 

■ Operates from op amp supplies ±15V 

■ Low speed variation with overdrive variation 

■ Low input offset voltage 

■ Versatile supply voltage range 


schematic and connection diagrams 



Dual-ln-Line and Rat Package 



Order Number LM361N 
See Package 22 

Order Number LM161D, LM261D 
or LM361D 
See Package 1 
Order Number LM161F 
See Package 4 


Metal Can Package 



OUTPUT 2 
TOP VIEW 


Order Number LM161H, LM261H 
or LM361H 
See Package 12 


logic diagram 
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absolute maximum ratings 


operating conditions 





MIN 

TYP 

MAX 

Positive Supply Voltage, V + 

+16V 

Supply Voltage V + 




Negative Supply Voltage, V~ 

-16V 

LM161/LM261 

5V 


15V 

Gate Supply Voltage, V cc 

+7V 

LM361 

5V 


15V 

Output Voltage 

+7V 

Supply Voltage V" 




Differential Input Voltage 

±5V 

LM161/LM261 

— 6V 


-15V 

Input Common Mode Voltage 

±6V 

LM361 

-6V 


-15 V 

Power Dissipation 

600 mW 

Supply Voltage V cc 




Storage Temperature Range 

— 65° C to +1 50°C 

LM161/LM261 

4.5V 

5V 

5.5V 

Operating Temperature Range 


LM361 

4.75V 

5V 

5.25N 

LM161 

-55°C to +125°C 





LM261 

— 25°C to +85°C 





LM361 

0°C to +70°C 





Lead Temperature (Soldering, 10 sec) 

300°C 






e lect rica I cha racte ri sties <v + = +iov, v cc = +sv, v=-iov, t min ^t a ^t max , unless noted) 




LM161/LM261/LM 361 





LM710 


KIS Voltage Comparators/ Buffers 


LM710 voltage comparator 
general description 

The LM710 is a high-speed voltage comparator 
intended for use as an accurate, low-level digital 
level sensor or as a replacement for operational 
amplifiers in comparator applications where speed 
is of prime importance. The circuit has a differen- 
tial input and a single-ended output, with saturated 
output levels compatible with practically all types 
of integrated logic. 

The device is built on a single silicon chip which 
insures low offset and thermal drift. The use of 
a minimum number of stages along with minority- 
carrier lifetime control (gold doping) makes the 
circuit much faster than operational amplifiers in 


saturating comparator applications. In fact, the low 
stray and wiring capacitances that can be realized 
with monolithic construction make the device dif- 
ficult to duplicate with discrete components oper- 
ating at equivalent power levels. 

The LM710 is useful as a pulse height discrimi- 
nator, a voltage comparator in high-speed A/D con- 
verters or a go, no-go detector in automatic test 
equipment. It also has applications in digital sys- 
tems as an adjustable-threshold line receiver or an 
interface between logic types. In addition, the low 
cost of the unit suggests it for applications replac- 
ing relatively simple discrete component circuitry. 


schematic* and connection diagrams 



typical applications* 

Schmidt Trigger 



Pulse Width Modulator 



DC INPUT 


*Pin connections shown are for metal can. 



NO CONNECTION 

NO CONNECTION 


Note: Pin 4 connected to case. 

Order Number LM710H 
See Package 11 


Line Receiver With 
Increased Output 
Sink Current 



Level Detector With 
Lamp Driver 
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absolute maximum ratings 





Positive Supply Voltage 


14.0V 




Negative Supply Voltage 


-7.0V 




Peak Output Current 


10 mA 




Differential Input Voltage 


±5.0V 




Input Voltage 

Power Dissipation 


±7.0V 




TO-99 (Note 1 ) 


300 mW 




Flat Package (Note 2) 


200 mW 




Operating Temperature Range 

-55°C to +125°C 




Storage Temperature Range 

-65°C to +1 50°C 




Lead Temperature (Soldering, 60 sec) 

electrical characteristics (Note 3) 

300°C 




PARAMETER 

CONDITIONS 

MIN 

TYP 

MAX 

UNITS 

Input Offset Voltage 

T a = 25°C,R s <200r2 

V CM = OV 


0.6 

2.0 

mV 

Input Offset Current 

T a = 25°C, V OUT = 1 .4V 


0.75 

3.0 

fiA 

Input Bias Current 

T a = 25° C 


13 

20 

pA 

Voltage Gain 

T a = 25°C 

1250 

1700 



Output Resistance 

T a = 25° C 


200 


n 

Output Sink Current 

T a = 25°C, V, N <-5 mV 

V OUT = 0 

2.0 

2.5 


mA 

Response Time 

T a = 25°C 


40 


ns 

(Note 4) 






Input Offset Voltage 

R s <2oon , V CM = OV 



3.0 

mV 

Average T emperature 

-55°C<T a <125°C 





Coefficient of Input 

Offset Voltage 

R s <50n 


3.0 

10 

uv/°c 

Input Offset Current 

T a = 125°C 


0.25 

3.0 

UA 


T a = -55°C 


1.8 

7.0 

pA 

Average Temperature 

25°C<T a <125°C 


5.0 

25 

nA/°C 

Coefficient of Input 

-55°C<T a <25°C 


15 

75 

nA/°C 

Offset Current 






Input Bias Current 

T a = -55° C 


27 

45 

pA 

Input Voltage Range 

V = -7.0V 

±5.0 



V 

Common Mode Rejection Ratio 

R s £ 200H 

80 

100 


dB 

Differential Input 


±5.0V 



V 

Voltage Range 






Voltage Gain 


1000 




Positive Output Level 

V, N > 5 mV, 

0 < Iout 5: ~5 mA 

2.5 

3.2 

4.0 

V 

Negative Output Level 

V, N <-5mV 

-1.0 

-0.5 

0 

V 

Output Sink Current 

T a = 125°C, V, N <— 5 mV 

0.5 

1.7 


mA 


V OUT =0V 

T a =-55°C, V in <~5 mV 

VquT = 0 

1.0 

2.3 


mA 

Positive Supply Current 

V, N <-5 mV 


5.2 

9.0 

mA 

Negative Supply Current 



4.6 

7.0 

mA 

Power Consumption 

V IN <-5 mV 


90 

150 

mW 


Iqut = 0 mA 





Note 1 : Rating applies for case temperatures to +1 25°C; derate linearly at 5.6 mW/°C for ambient temperatures above +105°C. I 

Note 2: Derate linearly at 4.4 mW/°C for ambient temperatures above +100°C. 




Note 3: These specifications apply for V + = 12.0V, V = — 6.0V, — 55°C < T/\ < +125°C unless otherwise specified. The 
input offset voltage and input offset current (see definitions) are specified for a logic threshold voltage of 1.8V at — 55° C, 

1.4V at +25° C, and 1.0V at +125 

3 c. 





Note 4: The response time specified (see definitions) is for a 100 mV input step with 5 mV overdrive. 
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LM710 
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IMS Voltage Comparators/Buffers 


LM710C voltage comparator 
general description 

The LM710C is a high-speed voltage comparator 
intended for use as an accurate, low-level digital 
level sensor or as a replacement for operational 
amplifiers in comparator applications where speed 
is of prime importance. The circuit has a differen- 
tial input and a single-ended. output, with saturated 
output levels compatible with practically all types 
of integrated logic. 

The device is built on a single silicon chip which 
insures low offset and thermal drift. The use of a 
minimum number of stages along with minority- 
carrier lifetime control (gold doping) makes the 
circuit much faster than operational amplifiers in 
saturating comparator applications. In fact, the low 
stray and wiring capacitances that can be realized 


with monolithic construction make the device diffi- 
cult to duplicate with discrete components oper- 
ating at equivalent power levels. 

The LM710C is useful as a pulse height discrimi- 
natory voltage comparator in high-speed A/D con- 
verters or a go, no-go detector in automatic test 
equipment. It also has applications in digital sys- 
tems as an adjustable-threshold line receiver or an 
interface between logic types. In addition, the low 
cost of the unit suggests it for applications replacing 
relatively simple discrete component circuitry. 

The LM710C is the commercial/industrial version 
of the LM710A. It is identical to the LM710A ex- 
cept that operation is specified over a 0°C to 70°C 
temperature range. 


schematic* and connection diagrams 



typical applications* 

Schmidt Trigger 



Pulse Width Modulator 



DC INPUT 


*Pin connections shown are for metal can. 


Metal Can Package 



Note: Pin 4 connected to case. 


Order Number LM710CH 
See Package 11 

Dual-In-Line Package 

14 NC 
13 NC 
12 NC 

11 *V CC (SUPPLY) 
10 NC 
9 OUTPUT 
8 NC 


Order Number LM710CN 
See Package 22 



Line Receiver With 



Lamp Driver 
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LM710C 





LM710C 


absolute maximum ratings 





Positive Supply Voltage 


14.0V 




Negative Supply Voltage 


-7.0V 




Peak Output Current 


10 mA 




Differential Input Voltage 


±5.0V 




Input Voltage 

Power Dissipation (Note 1) 


±7.0V 




TO-99 


300 mW 




Flat Package 


200 mW 




Output Short Circuit Duration 


10 sec 




Operating Temperature Range 

0°C to 70°C 




Storage Temperature Range 

— 65°C to +150°C 




Lead Temperature (Soldering, 10 sec) 

300° C 




electrical characteristics (Note 2) 





PARAMETER 

CONDITIONS 

MIN. 

TYP. 

MAX. 

UNITS 

Input Offset Voltage 

T a = 25°C, R s <200n 

v CM = ov 


1.6 

5.0 

mV 

Input Offset Current 

T a = 25°C, Vqut = 1.4V 


1.8 

5.0 

ma 

Input Bias Current 

T a = 25°C 


16 

25 

*tA 

Voltage Gain 

T a = 25°C 

1000 

1500 



Output Resistance 

T a = 25° C 


200 


n 

Output Sink Current 

T a = 25°C, AV, n > 10 mV 

Vqut = 0 

1.6 

2.5 


mA 

Response Time 

T a = 25° C 


40 


ns 

(Note 3) 






Input Offset Voltage 

R s <200ft , V CM = 0V 



6.5 

mV 

Average Temperature 

0°C<T a <70°C 





Coefficient of Input 

Offset Voltage 

R s <50n 


5.0 

20 

AV/° c 

Input Offset Current 




7.5 


Average Temperature 

25°C<T a <70°C 


15 

50 

nA/°C 

Coefficient of Input 

Offset Current 

0°C<T a <25°C 


24 

100 

nA/°C 

Input Bias Current 

T a = 0°C 


25 

40 

pA 

Input Voltage Range 

V" = -7.0V 

±5.0 



V 

Common Mode Rejection Ratio 

R s < 200S7 

70 

98 


dB 

Differential Input 


±5.0 



V 

Voltage Range 






Voltage Gain 


800 




Positive Output Level 

V, N >10 mV 

0 ^ Iout ^ m A 

2.5 

3.2 

4.0 

V 

Negative Output Level 

V, N <-10 mV 

-1.0 

-0.5 

0 

V 

Output Sink Current 

V, N <-10 mV, Vqut * 0V 

0.5 



mA 

Positive Supply Current 

V, N <-10 mV 


5.2 

9.0 

mA 

Negative Supply Current 



4.6 

7.0 

mA 

Power Consumption 




150 

mW 

Note 1 : Ratings apply for ambient temperatures to 70°C. 





Note 2: These specifications apply for V + - 12.0V, V - = 6.0V, 0°C 

< T/^ < 70°C unless otherwise specified. The input 

offset voltage and input offset current (see definitions) are specified for a logic threshold voltage of 1.5V at 0°C, 1.4V 

at 25° C and 1.2V at 70°C. 






Note 3: The response time specified (see definitions) is for a 100 mV input step with 5 mV overdrive. 
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INPUT BIAS CURRENT (/jA) 


typical performance characteristics 


Transfer Function 


t V + = 12V 
V" = -6 OV 
T a = 25°C - 


-5.0 -3.0 -1.0 1.0 3.0 5.0 

INPUT VOLTAGE (mV) 



0 10 20 30 40 50 60 70 

TEMPERATURE (°C) 



10 11 12 13 

POSITIVE SUPPLY VOLTAGE (V) 


Input Bias Current 


Input Offset Current 


Supply Current 





0 10 20 30 40 50 60 70 

TEMPERATURE (°C> 


0 10 20 30 40 50 60 70 


-0.4 -0.2 0 0.2 


Response Time For 
Various Input Overdrives 


Response Time For 
Various Input Overdrives 


Common Mode Pulse 
Response 


lllV/,fJP£S! 



60 80 100 120 
TIME (ns) 


iHkV^IBg 

Nuns'll 



20 40 60 8( 

TIME (ns) 



4U BO 
TIME (ns) 


LM710C 




MSB Voltage Comparators/Buffers 


LM711 dual comparator 
general description 

The LM711 contains two voltage comparators ventional sense amplifier designs. Further, it has 

with separate differential inputs, a common out- the speed and accuracy needed for reliably detect- 

put and provision for strobing each side indepen- ing the outputs of cores as small as 20 mils, 

dently. Similar to the LM710, the device features 
low offset and thermal drift, a large input voltage 
range, low power consumption, fast recovery from 

large overloads and compatibility with most inte- The LM711 is also useful in other applications 

grated logic circuits. where a dual comparator with OR'ed outputs is 

required, such as a double-ended limit detector. By 
With the addition of an external resistor network, using common circuitry for both halves, the device 

the LM711 can be used as a sense amplifier for can provide high speed with lower power dissipa- 

core memories. The input thresholding, combined tion than two single comparators. The LM711 is 

with the high gain of- the comparator, eliminates available in either an 10-lead low profile TO-5 

many of the inaccuracies encountered with con- header or a 1/4" by 1/4" metal flat package. 

schematic** and connection diagrams 

STROBE STROBE 



See Package 14 

typical applications** 


Sense Amplifier With Supply Strobing Double-Ended Limit Detector 

for Reduced Power Consumption* With Lamp Driver 
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absolute maximum ratings 


Positive Supply Voltage 
Negative Supply Voltage 
Peak Output Current 
Differential Input Voltage 
Input Voltage 
Strobe Voltage 

Internal Power Dissipation (Note 1) 
Operating Temperature Range 
Storage Temperature Range 
Lead Temperature (Soldering, 10 seconds) 


+ 14.0V 
-7.0V 
25 mA 
±5.0V 
±7.0V 
0 to +6.0V 
300 mW 
-55°C to 125° C 
-65° C to 1 50° C 
300°C 


electrical characteristics (These specifications apply for T a = 25°C, V + = 12V, V" = - 


PARAMETER 

CONDITIONS (Note 2) 

MIN. 

TYP. 

MAX. 

UNIT 

Input Offset Voltage 

R s < 20012, V CM = 0 


1.0 

3.5 

mV 


R s < 20012, -5V<V cm < +5V 


1.0 

5.0 

mV 

Input Offset Current 



0.5 

10.0 

ma 

Input Bias Current 



25 

75 

juA 

Voltage Gain 


750 

1500 



Response Time (Note 3) 



40 


ns 

Strobe Release Time 



12 


ns 

Input Voltage Range 

V = -7.0V 

±5.0 



V 

Differential Input 






Voltage Range 


±5.0 



V 

Output Resistance 



200 


12 

Positive Output Level 

V| N > 10 mV 


4.5 

5.0 

V 

Loaded Positive Output Level 

V| N 10 mV, Iout = — 5 mA 

2.5 

3.5 


V 

Negative Output Level 

V, N <-10 mV 

-1.0 


0 

V 

Strobed Output Level 

^STROBE < 0-3V 

-1.0 


0 

V 

Output Sink Current 

V,n <“10 mV, Vout>0 

0.5 

0.8 


mA 

Strobe Current 

^STROBE = 100 mV 


1.2 

2.5 

mA 

Positive Supply Current 

V in <-10 mV 


8.6 


mA 

Negative Supply Current 



3.9 


mA 

Power Consumption 



130 

200 

mW 


The following specifications apply for -55 C < T A <125 C: 
Input Offset Voltage I R s < 20012, V CM = 0 


R s < 20012, V CM = 0 
Rs < 20012 


Input Offset Current 
Input Bias Current 
Average Temperature 
Coefficient of Input 
Offset Voltage 
Voltage Gain 


Note 1: Rating applies for case temperatures to +125°C; derate linearly at 5.6 mW/°C for ambient 
temperatures above 105°C. 

Note 2: The input offset voltage and input offset current (see definitions) are specified for a logic 
threshold voltage of 1 .8V at -55°C, 1 .4V at +25°C, and 1 ,0V at +125°C. 

Note 3: The response time specified is for a 100 mV input step with 5 mV overdrive (see definitions). 
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LLZ.IAI 



LM711 


typical performance characteristics 


Transfer Function 



INPUT VOLTAGE (mV) 


Voltage Gain 



-75 -50 -25 0 25 50 75 100 125 


TEMPERATURE (°C) 


Voltage Gain 



10 11 12 13 14 


POSITIVE SUPPLY VOLTAGE (V) 


Response Time for Various 
Input Overdrives 


Strobe Release Time for 
Various Input Overdrives 


Output Pulse Stretching With 
Capacitive Loading 



TIME (ns) 


TIME (ns) 


TIME (ns) 


Common Mode Pulse 
Response 



0 40 80 120 160 


Input Bias Current 




TIME (ns) 


TEMPERATURE CC) 


TEMPERATURE (°C) 



-75 -50 -25 0 25 50 75 100 125 


Power Consumption 


Maximum Power Dissipation 



TEMPERATURE (°C) 


INPUT VOLTAGE (mV) 


AMBIENT TEMPERATURE f'C) 
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IMS Voltage Comparators/ Buffers 


LM711C dual comparator 
general description 

The LM711C contains two voltage comparators 
with separate differential inputs, a common out- 
put and provision for strobing each side indepen- 
dently. Similar to the LM710C, the device features 
low offset and thermal drift, a large input voltage 
range, low power consumption, fast recovery from 
large overloads and compatibility with most inte- 
grated logic circuits. 

With the addition of an external resistor network, 
the LM711C can be used as a sense amplifier for 
core memories. The input thresholding, combined 
with the high gain of the comparator, eliminates 
many of the inaccuracies encountered with con- 


ventional sense amplifier designs. Further, it has 
the speed and accuracy needed for reliably detect- 
ing the outputs of cores as small as 20 mils. 


The LM711C is also useful in other applications 
where a dual comparator with OR'ed outputs is 
required, such as a double-ended limit detector. By 
using common circuitry for both halves, the device 
can provide high speed with lower power dissipa- 
tion than two single comparators. The LM711C is 
the commercial/industrial version of the LM711. 
It is identical to the LM7 1 1 , except that operation 
is specified over a 0°C to 70°C temperature range. 


schematic** and connection diagrams 



typical applications 


Order Number LM711CN 
See Package 22 


Sense Amplifier With Supply Strobing 
for Reduced Power Consumption* 



Double-Ended Limit Detector 
With Lamp Driver 



**Pin connections shown are for metal can. 
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LM711C 



LM711C 


absolute maximum ratings 

Positive Supply Voltage +14.0V 

Negative Supply Voltage -7.0V 

Peak Output Current 25 mA 

Differential Input Voltage ±5.0V 

Input Voltage ±7.0V 

Strobe Voltage 0 to +6.0V 

Internal Power Dissipation (Note 1) 300 mW 

Operating Temperature Range 0°C to 70°C 

Storage Temperature Range -65°C to 150°C 

Lead Temperature (Soldering, 10 sec) 300°C 

electrical characteristics 

(The following specfications apply for T A = 25°C, V + = 12.0V, V" = -6.0V unless otherwise specified) 

PARAMETER 

CONDITIONS (Note 2) 

MIN. 

TYP. 

MAX. 

UNIT 

Input Offset Voltage 

R s < 20012, V CM = 0 


1.0 

5.0 

mV 


R s < 20012, -5V<V CM ^+5V 


1.0 

7.5 

mV 

Input Offset Current 



0.5 

15 

ma 

Input Bias Current 



25 

100 

ma 

Voltage Gain 


700 

1500 



Response Time (Note 3) 



40 


ns 

Strobe Release Time 



12 


ns 

Input Voltage Range 

V“=-7.0V 

±5.0 



V 

Differential Input 






Voltage Range 


±5.0 



V 

Output Resistance 



200 


12 

Positive Output Level 

V 1N > 10 mV 


4.5 

5.0 

V 

Loaded Positive Output Level 

Vin ^ 10 mV, Iout = — 5 mA 

2.5 

3.5 


V 

Negative Output Level 

V | N <-10 mV 

-1.0 

-0.5 

0 

V 

Strobed Output Level 

VsTROBE < 0-3V 

-1.0 


0 

V 

Output Sink Current 

V IN <-10mV,V OUT >0 

0.5 

0.8 


mA 

Strobe Current 

V STROBE = 100 mV 


1.2 

2.5 

mA 

Positive Supply Current 

V| N <-10 mV 


8.6 


mA 

Negative Supply Current 



3.9 


mA 

Power Consumption 



130 

230 

mW 

The following specifications apply for 0°C < T^ < +70°C: 

Input Offset Voltage 

R s < 20012, V CM = 0 



6.0 

mV 


R s < 20012 , -5 V< V CM ^+5V 



10 

mV 

Input Offset Current 




25 

//A 

Input Bias Current 




150 

ma 

Average Temperature 






Coefficient of Input 






Offset Voltage 



5.0 


juV/°C 

Voltage Gain 


500 




Note 1 : Ratings apply for ambient temperatures to 70°C. 





Note 2: The input offset voltage and input offset current (see definitions) are specified for a logic 


threshold voltage of 1 .5V at 0°C, 1 .4V at 25°C, and 1 .2V at +70°C. 





Note 3: The response time specified (see definitions) is for a 1 00 mV input step with 5 mV overdrive. 
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LM1514/LM1414 


KIS Voltage Comparators/ Buffers 


LM1514/LM1414 dual differential voltage comparator 


general description 

The LM1514/LM1414 is a dual differential voltage 
comparator intended for applications requiring 
high accuracy and fast response times. The device 
is constructed on a single monolithic silicon chip. 

The LM1514/LM1414 is useful as a variable thresh- 
old Schmitt trigger, a pulse height discriminator, 
a voltage comparator in high-speed A-D converters, 
a memory sense amplifier or a high noise immunity 
line receiver. The output of the comparator is 
compatible with all integrated logic forms. The 
LM1514/LM1414meetor exceed the specifications 
for the MC1514/MC1414 and are pin-for-pin re- 
placements. The LM1514 is available in the ceramic 
dual-in-line package. The LM1414 is available in 
either the ceramic or molded dual-in-line package. 


The LM1514 is specified for operation over the 
-55°C to +125°C military temperature range. The 
LM1414 is specified for operation over the 0°C 
to +70°C temperature range. 

features 

■ Two totally separate comparators per package 

■ Independent strobe capability 

■ High speed 30 ns typ 

■ Low input offset voltage and current 

■ High output sink current over temperature 

■ Output compatible with TTL/DTL logic 

■ Molded or ceramic dual-in-line package 


schematic and connection diagram 



Dual-ln-Line Package 



Order Number LM1414J or LM1514J 
See Package 16 
Order Number LM1414N 
See Package 22 
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absolute maximum ratings (Notei) 








Positive Supply Voltage 



+ 14. 0V 





Negative Supply Voltage 



-7.0V 





Peak Output Current 



10 mA 





Differential Input Voltage 


±5.0V 





| Input Voltage 



±7.0V 





Power Dissipation (Note 2) 

600 mW 





Operating Temperature Range LM1514 - 

55°C to +1 25°C 






LM1414 

0°C to +70°C 





Storage Temperature Range -65°C to +150°C 





Lead Temperature (Soldering, 10 seconds) 


300°C 





electrical characteristics for T a = 25°C, V + = +12V, V" = -6V, unless otherwise specified 



LM1514 

LM1414 




MIN 

TYP 

MAX 

MIN 

TYP 

MAX 

UNITS 

Input Offset Voltage 

R S £ 200ft, V CM = 0V, V OUT = 1.4V 


0.6 

2.0 


1.0 

5.0 

mV 

Input Offset Current 

V CM = 0V, V OUT = 1.4V 


0.8 

3.0 


1.2 

5.0 

MA 

Input Bias Current 




20 



25 

a»a 

Voltage Gain 


1250 



1000 




Output Resistance 



200 



200 


ft 

Differential Input Voltage Range 


±5.0 



±5.0 



V 

Input Voltage Range 

V' = -7.0V 

±5.0 



±5.0 



V 

Common Mode Rejection Ratio 

R s ^ 200ft, V = -7.0V 

80 

100 


70 

100 


dB 

Positive Output Voltage 

V IN >7 0 mV, 0 < Iqut < -5.0 mA 

2.5 

3.2 

4.0 

2.5 

3.2 

4.0 

V 

Negative Output Voltage 

V, N <-7 0 mV 

-1.0 

-0.5 

0 

-1.0 

-0.5 

0 

V 

Strobed Output Voltage 

^STROBE < 0-3V 

-1.0 

-0.5 

0 

-1.0 

-0.5 

0 

V 

Strobe "0" Current 

V ST ROBE = 100 mV 


-1.2 

-2.5 


-1.2 

-2.5 

mA 

Positive Supply Current 

> 

E 

VI 

z 

> 



18 



18 

mA 

Negative Supply Current 

V in <-7 mV 



-14 



-14 

mA 

Power Consumption 



180 

300 


180 

300 

mW 

Response T ime 

(Note 3) 


30 



30 


ns 

LM1514/LM1414: The following apply forT L <^T A <[T H (Note 4) unless otherwise specified 

Input Offset Voltage 

R s ^ 200ft, Vqut = 1.8V for T A = T L 



3.0 



6.5 

mV 


V CM - 0V, V OUT = 1.0V for T a = T H 



3.0 



6.5 

mV 

Input Bias Current 




45 



40 

^A 

Temperature Coefficient of 

Input Offset Voltage 



3.0 



5.0 


/iV/°C 

Input Offset Current 

V CM =0V, V OUT = 1.8V, T a = T l 



7.0 



7.5 

mA 


v CM = ov, V OUT = 1.0V, T a = T„ 



3.0 



7.5 

PA 

Voltage Gain 


1000 



800 




Output Sink Current 

V,n <-9.0 mV, Vqut >0V 

2.8 

4.0 


1.6 

2.5 


mA 

Note 1: Voltage values are with respect to network ground terminal. Positive current is defined as current into the referenced 

pin. 









Note 2: LM1514 ceramic package: The maximum junction temperature is +150°C, for operating at elevated temperatures, 
devices must be derated linearly at 12.5 mW/°C. LM1414 ceramic package: The maximum junction temperature is +95°C for 
operating at elevated temperatures, devices must be derated linearly at 12.5 mW/°C. LM1414 molded package: The maximum 
junction temperature is +115°C, for operating at elevated temperatures, devices must be derated linearly at 6.7 mW/°C. 

Note 3: The response time specified (see definitions) for a 100 mV input step with 5 mV overdrive. 




Note 4: For LM1514,T L = - 

-55° C, T h = +125°C. For LM1414, T L = 0°C, T H = 

+70°C. 
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LM1514/LM1414 




LM2901 


KIS Voltage Comparators/Buffers 


LM2901 quad comparator 
general description 

The LM2901 consists of four independent voltage 
comparators which were designed specifically for 
automotive and industrial control systems. They 
operate from a single power supply over a wide 
range of voltages and the low power supply current 
drain is independent of the magnitude of the power 
supply voltage. These comparators also have a 
unique characteristic in that the input common- 
mode voltage range includes ground, even though 
operated from a single power supply voltage. 

Application areas include limit comparators, simple 
analog to digital converters; pulse, squarewave and 
time delays generators; wide range VCO; MOS 
clock timers; multivibrators and high voltage digital 
logic gates. The LM2901 was designed to directly 
interface with CMOS— where the low power drain 
of the LM2901 is a large advantage over standard 
comparator products. 

advantages 

■ Eliminates need for dual supplies 

■ Allows sensing near GND 


■ Compatible with all forms of logic 

■ Power drain suitable for battery operation 

features 

■ Wide single supply 

voltage range 2 V DC to 36 V DC 

■ Very low supply current drain (0.8 mA) — 
independent of supply voltage (1 mW/compara- 
tor at +5 V DC ) 

■ Low input biasing current 35 nA 

■ Low input offset current 3 nA 

and offset voltage 3 mV 

■ Input common-mode voltage range includes 
ground 

■ Differential input voltage range equal to the 
power supply voltage 

■ Low output 1 mV at 5/iA 

saturation voltage 70 mV at 1 mA 

■ Output voltage compatible with CMOS logk: 
systems 


schematic and connection diagrams 


V* 



Dual-In-Line Package 



Order Number LM2901N 
See Package 22 


typical applications (v + =5v DC ) 
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absolute maximum ratings 


Supply Voltage, V + 

Differential Input Voltage 

Input Voltage 

Power Dissipation (Note 1) 

Output Short-Circuit to GND (Note 2) 
Operating Temperature Range 
Storage Temperature Range 
Lead Temperature (Soldering, 60 sec) 


36 V DC 
36 V DC 

— 0.3 Vqq to +36 V pc 
570 mW 
Continuous 
-40° C to +85° C 
-65°C to 1 50° C 
300°C 


electrical characteristics (V + = +5 V DC and T a = 25°C unless otherwise noted) 


PARAMETER 

CONDITIONS 

MIN 

TYP 

MAX 

UNITS 

Input Offset Voltage 

At Output Switch Point, V 0 = 1 .4 V DC ; 

Vpjgp = +1.4 Vpc and Rg = 0f2 


2 

7 

mV DC 

Input Bias Current (Note 3) 

l 1N(+) or l| N (_) With Output in Linear Range 


25 

250 

n A DC 

Input Offset Current 

l|N(+) ~ 1 1 N(-) 


±5 

±50 

mA DC 

Input Common-Mode Voltage 
Range (Note 4) 


0 


V + -1 .5 

V DC 

Supply Current 

R l = 00 On All Comparators 


0.8 

2 

mA DC 

Voltage Gain 

R l = 15 kH 


200 


V/mV 

Response Time (Note 5) 

V RL = 5.0 V DC and R L = 5.1 k£2 


1.3 


JUS 

Output Sink Current 

V i isj(-) ~ + 1 V DC , V|N(+) = 0 and V 0 <+1.5 V DC 

6 

16 


mA DC 

Saturation Voltage 

Vin(-) = + 1 V DC , V| N (+) = 0 and Isink = 3 mA 


200 

400 

m V DC 

Output Leakage Current 

V|N(+) = + 1 V DC , V| N( _) = 0 and V OUT = 5 V DC 


0.1 


nA DC 


Note 1: For operating at high temperatures, the LM2901 must be derated based on a +125°C maximum junction temperature 
and a thermal resistance of 175°C/W which applies for the device soldered in a printed circuit board, operating in a still air am- 
bient. The low bias dissipation and the ON-OFF characteristic of the outputs keeps the chip dissipation very small 
(Pd < 100 mW), provided the output transistors are allowed to saturate. 

Note 2: Short circuits from the output to V + can cause excessive heating and eventual destruction. The maximum output 
current is approximately 20 mA independent of the magnitude of V + . 

Note 3: The direction of the input current is out of the 1C due to the PNP input stage. This current is essentially constant, 
independent of the state of the output so no loading change exists on the reference or input lines. 

Note 4: The input common-mode voltage or either input signal voltage should not be allowed to go negative by more than 
0.3V. The upper end of the common-mode voltage range is V + — 1 .5V, but either or both inputs can go to +30 Vqq without 
damage. 

Note 5: The response time specified is for a 100 mV input step with 5 mV overdrive. For larger overdrive signals 300 ns can be 
obtained, see typical performance characteristics section. 
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LM2901 


typical performance characteristics 



0 10 20 30 40 

V\ SUPPLY VOLTAGE (V DC ) 


Input Current 



0 10 20 30 40 

V + , SUPPLY VOLTAGE (V DC ) 


Output Saturation Voltage 



l 0 , OUTPUT SINK CURRENT (mA) 


Response Time for Various 
Input Overdrives — Negative 
Transition 


r 

T 
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application hints 

The LM2901 is a high gain, wide bandwidth 
device; which, like most comparators, can easily 
oscillate if the output lead is inadvertently allowed 
to capacitively couple to the inputs via stray 
capacitance. This shows up only during the out- 
put voltage transition intervals as the comparator 
changes states. Power supply bypassing is not re- 
quired to solve this problem. Standard PC board 
layout is helpful as it reduces stray input-output 
coupling. Reducing the input resistors to <10 k!2 
reduces the feedback signal levels and finally, 
adding even a small amount (1 to 10 mV) of posi- 
tive feedback (hysteresis) causes such a rapid tran- 
sition that oscillations due to stray feedback are 
not possible. Simply socketing the 1C and attach- 
ing resistors to the pins will cause input-output 
oscillations during the small transition intervals 
unless hysteresis is used. If the input signal is a 
pulse waveform, with relatively fast rise and fall 
times, hysteresis is not required. 

All pins of any unused comparators should be 
grounded. 

The bias network of the LM2901 establishes a 
drain current which is independent of the magni- 
tude of the power supply voltage over the range of 
from 2 V dc to 30 V DC . 

It is usually unnecessary to use a bypass capacitor 
across the power supply line. 


Response Time for Various 
Input Overdrives — Positive 
Transition 



TIME (ms) 


The differential input voltage may be larger than 
V + without damaging the device. Protection should 
be provided to prevent the input voltages from 
going negative more than -0.3 V DC (at 25°C). An 
input clamp diode can be used as shown in the 
applications section. 

The output of the LM2901 is the uncommitted 
collector of a grounded-emitter NPN output tran- 
sistor. Many collectors can be tied together to pro- 
vide an output OR'ing function. An output pull- 
up resistor can be connected to any available 
power supply voltage within the permitted supply 
voltage range and there is no restriction on this 
voltage due to the magnitude of the voltage which 
is applied to the V + terminal of the LM2901 pack- 
age. The output can also be used as a simple SPST 
switch to ground (when a pull-up resistor is not 
used). The amount of current which the output 
device can sink is 'limited by the drive available 
(which is independent of V + ) and the (3 of this 
device. When the maximum current limit is 
reached (approximately 16 mA), the output tran- 
sistor will come out of saturation and the output 
voltage will rise very rapidly. The output satura- 
tion voltage is limited by the approximately 6012 
r^t of the output transistor. The low offset voltage 
of the output transistor (1 mV) allows the output 
to clamp essentially to ground level for small load 
currents. 
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typical applications (con't) (V + - 1 5 V DC ) 




V „JU1 


~~1 LM2901 Vo 


Squarewave Oscillator 


Pulse Generator 


Crystal Controlled Oscillator 



Two-Decade High-Frequency VCO 



Basic Comparator Non-Inverting Comparator with Hysteresis 



Inverting Comparator with Hysteresis 




Comparing Input Voltages 
of Opposite Polarity 


Output Strobing 



Limit Comparator 
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LM2901 
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typical applications (con't) (v + = 15 v DC ) 




MOS Clock Driver 


Comparator With a Negative Reference 





LM3302 


Voltage 


Comparators/Buffers 


LM3302 quad comparator 
general description 

The LM3302 consists of four independent voltage 
comparators which were designed specifically to operate 
from a single power supply over a wide range of voltages. 
Operation from split power supplies is also possible and 
the low power supply current drain is independent of 
the magnitude of the power supply voltage. These 
comparators also have a unique characteristic in that the 
input common-mode voltage range includes ground, even 
though operated from a single power supply voltage. 

Application areas include limit comparators, simple 
analog to digital converters; pulse, squarewave and time 
delay generators; wide range VCO; MOS clock timers; 
multivibrators and high voltage digital logic gates. The 
LM3302 was designed to directly interface with TTL and 
CMOS. When operated from both plus and minus power 
supplies, the LM3302 will directly interface with MOS 
logic-where the low power drain of the LM3302 is a 
distinct advantage over standard comparators. 

advantages 

■ Eliminates need for dual supplies 

■ Allows sensing near GND 


■ Compatible with all forms of logic 

■ Power drain suitable for battery operation 


features 

■ Wide single supply 

Voltage range 2 V DC to 28 V DC 

or dual supplies ±1 V DC to ±14 V DC 

■ Very low supply current drain (0.8 mA) — independent 
of supply voltage (1 mW/comparator at +5 V DC ) 

■ Low input biasing current 35 nA 

■ Low input offset current 3 nA 

and offset voltage 3 mV 

■ Input common-mode voltage range includes ground 

■ Differential input voltage range equal to the power 
supply voltage 

■ Low output 1 mV at 5juA 

saturation voltage 70 mV at 1 mA 

■ Output voltage compatible with TTL (fanout of 2), 
DTL, ECL, MOS and CMOS logic systems 


schematic and connection diagrams 



typical applications 


Dual-ln-Line Package 

OUTPUT 3 OUTPUT 4 GND INPUT 4+ INPUT 4- INPUT 3+ INPUT 3- 


14 
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6 7 


0UTPUT2 OUTPUT 1 V + INPUT 1- INPUT 1+ INPUT 2- INPUT 2+ 
TOP VIEW 

Order Number LM3302N 
See Package 22 




+5V0C 



Comparator with Hysteresis 
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absolute maximum ratings 


Supply Voltage, V + 

Differential Input Voltage 

Input Voltage 

Power Dissipation (Note 1) 

Output Short-Circuit to GND (Note 2) 
Input Current (V| N <-0.3 V DC ) (Note 3) 
Operating Temperature Range 
Storage Temperature Range 
Lead Temperature (Soldering, 10 seconds) 


28 V DC or ±14 V DC 
28 V DC 

” 0.3 V^c to +28 Vqq 
570 mW 
Continuous 
50 mA 
-40° C to +85°C 
— 65°C to +1 50°C 
300°C 


electrical characteristics (v + = +5.o v DC ) (Note 4) 


PARAMETER 

CONDITIONS 

MIN 

TYP 

MAX 

UNITS 

Input Offset Voltage 

At Output Switch Point, V 0 — 1.4 V DC , 

Vpfp = +1.4 Vqq, Rg = 0£2, T a = +25 C 


+3 

±20 

mV DC 

Input Bias Current (Note 5) 

l|N(+) or 1 1 n (— ) With Output in Linear Range, 

T a = +25° C 


25 

500 

nA DC 

Input Offset Current 

l|N(+) — 'in(-)* T a = +25 C 


±3 

±100 

nA DC 

Input Common-Mode Voltage Range (Note 6) 

T A = +25° C 

0 


< 

+ 

1 

cn 

< 

o 

o 

Supply Current 

r l = oo On All Comparators, T A = +25°C 


0.8 

2 

u 

o 

< 

E 

Voltage Gain 

R l > 15k£2, T a = +25° C 

2 

30 


V/mV 

Large Signal Response Time 

Vin = TTL Logic Swing, V BEF = +1.4 V DC , 

V RL = 5.0 V DC , R l = 5.1 kft 


300 


ns 

Response Time (Note 7) 

V RL = 5.0 V DC , R l = 5.1 k£2 , T a =+25°C 


1.3 


jUS 

Output Sink Current 

V|N(-) > +1 -° V DC- V IN<+) = 0. 

Vq <+1.5 V dc .T a = +25° C 

2 i 

16 


mA DC 

Saturation Voltage 

V|N(-) ^ VdC» V|N(+) = 0, 

'sink ^ 4.0 mA, T a = +25 C 


250 

500 

mV DC 

Output Leakage Current 

Vin(+) ^ + L0 Vdc. V| N (_) = 0, 

V OU t = 5.0V D c,T a =+ 25 o C 


0.1 


nA DC 

Input Offset Voltage 

At Output Switch Point, V Q = 1.4 V DC , 

V REF =+1.4V dc , R s = 0H 



40 

mV DC 

Input Offset Current 

'lN(+) — * IISI(— ) 



±100 

nA DC 

Input Bias Current 

hN(+) or 1 1 n (— ) With Output in Linear Range 



1000 

nA DC 

Input Common-Mode Voltage Range 


0 


V + - 2.0 

o 

Q 

> 

Saturation Voltage 

V|N(-) ^ VDC* V|m(+) = 

'sink 5; 4.0 mA 



700 

mV DC 

Output Leakage Current 

V|N(+) ^DC. V| N (_) = 0, 

v out = 28 V DC 



1 

ma dc 

Differential Input Voltage (Note 8) 

Keep All V !N 's >0V DC (or V - , if used) 



< 

o 

o 

v DC 


Note 1: For operating at high temperatures, the LM3302 must be derated based on +125°C maximum junction temperature and a thermal 
resistance of 175°C/W which applies for the device soldered in a printed circuit board, operating in a still air ambient. 

Note 2: Short circuits from the output to V + can cause excessive heating and eventual destruction. The maximum output current is approximately 
20 mA independent of the magnitude of V + . 

Note 3: This input current will only exist when the voltage at any of the input leads is driven negative. It is due to the collector-base junction of 
the input PNP transistors becoming forward biased and thereby acting as input diode clamps. In addition to this diode action, there is also lateral 
NPN parasitic transistor action on the 1C chip. This transistor action can cause the output voltages of the comparators to go to the V + voltage level 
(or to ground for a large overdrive) for the time duration that an input is driven negative. This is not destructive and normal output states will 
re-establish when the input voltage, which was negative, again returns to a value greater than -0.3 Vqc- 
Note 4: These specifications apply for V + = +5.0 Vqc anc * -40° C < T/\ < +85° C. 

Note 5: The direction of the input current is out of the 1C due to the PNP input stage. This current is essentially constant, independent of the state 
of the output so no loading change exists on the reference or input lines. 

Note 6: The input common-mode voltage or either input signal voltage should not be allowed to go negative by more than 0.3V. The upper end of 
the common-mode voltage range is V + — 1.5V, but either or both inputs can go to +30 Vqc without damage. 

Note 7: The response time specified is for a 100 mV input step with 5.0 mV overdrive. For larger overdrive signals 300 ns can be obtained, see 
typical performance characteristics section. 

Note 8: The positive excursions of the inputs can exceed the power supply voltage level and if the other input voltage remains within the common- 
mode voltage range, the comparator will provide a proper output state. The low input voltage state must not be less than -0.3 Vqc (or 0.3 Vqc 
below the magnitude of the negative power supply voltage, if used). 
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LM3302 


typical performance characteristics 


Supply Current 




0.01 0.1 1.0 10 100 


l 0 - OUTPUT SINK CURRENT (mA) 


Output Saturation Voltage 



— 



Wm^OVdc 
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} f2 

-T a 

= -i 

5°C . 





— 

-1 

-T A 

— 

= 0° 

1 — 1 

— 

C — 

r- 


= 

— 

— 

“ T, 

= +125°C 

1 

a 

i 

1 

: T A 

= +25 

i-7n°r 

°C _ 



□ 

r 


llL 


0 10 20 30 40 

V + - SUPPLY VOLTAGE (Voc) 


Response Time for Various 
Input Overdrives — Negative 
Transition 


Response Time for Various 
Input Overdrives — Positive 
Transition 




application hints 

The LM3302 is a high gain, wide bandwidth device; 
which, like most comparators, can easily oscillate if the 
output lead is inadvertently allowed to capacitively 
couple to the inputs via stray capacitance. This shows up 
only during the output voltage transition intervals as the 
comparator changes states. Power supply bypassing is 
not required to solve this problem. Standard PC board 
layout is helpful as it reduces stray input-output cou- 
pling. Reducing the input resistors to < 10 k!2 reduces 
the feedback signal levels and finally, adding even a 
small amount (1 to 10 mV) of positive feedback 
(hysteresis) causes such a rapid transition that oscilla- 
tions due to stray feedback are not possible. Simply 
socketing the l/C and attaching resistors to the pins will 
cause input-output oscillations during the small transi- 
tion intervals unless hysteresis is used. If the input 
signal is a pulse waveform, with relatively fast rise and 
fall times, hysteresis is not required. 

All pins of any unused comparators should be grounded. 

The bias network of the LM3302 establishes a drain 
current which is independent of the magnitude of the 
power supply voltage over the range of from 2 V DC 
to 28 VpQ. 

It is usually unnecessary to use a bypass capacitor across 
the power supply line. 


The differential input voltage may be larger than V + 
without damaging the device. Protection should be pro- 
vided to prevent the input voltages from going negative 
more than -0.3 V DC (at 25°C). An input clamp diode 
and input resistor can be used as shown in the applica- 
tions section. 

The output of the LM3302 is the uncommitted collector 
of a grounded-emitter NPN output transistor. Many 
collectors can be tied together to provide an output 
OR'ing function. An output "pull-up" resistor can be 
connected to any available power supply voltage within 
the permitted supply voltage range and there is no 
restriction on this voltage due to the magnitude of the 
voltage which is applied to the V + terminal of the 
LM3302 package. The output can also be used as a 
simple SPST switch to ground (when a "pull-up" resistor 
is not used). The amount of current which the output 
device can sink is limited by the drive available (which 
is independent of V + ) and the |3 of this device. When the 
maximum current limit is reached (approximately 16 
mA), the output transistor will come out of saturation 
and the output voltage will rise very rapidly. The output 
saturation voltage is limited by the approximately 6012 
r sat °f the output transistor. The low offset voltage of 
the output transistor (1 mV) allows the output to clamp 
essentially to ground level for small load currents. 
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Functional Blocks 


LM122/LM222/LM322 precision timer 


general description 

The LM122 is a precision timer that offers great 
versatility with high accuracy. It operates off 
unregulated supplies from 4.5V to 40V while 
maintaining constant timing periods from micro- 
seconds to hours. Internal logic and regulator cir- 
cuits complement the basic timing function en- 
abling the LM122 to operate in many different 
applications with a minimum of external com- 
ponents. 

The output of the timer is a floating transistor 
with built in current limiting. It can drive either 
ground referred or supply referred loads up to 40V 
and 50 mA. The floating nature of this output 
makes it ideal for interfacing, lamp or relay driv- 
ing, and signal conditioning where an open col- 
lector or emitter is required. A "logic reverse" cir- 
cuit can be programmed by the user to make the 
output transistor either "on" or "off" during the 
timing period. 

The trigger input to the LM122 has a threshold of 
1.6V independent of supply voltage, but it is fully 
protected against inputs as high as ±40V — even 
when using a 5V supply. The circuitry reacts only 
to the rising edge of the trigger signal, and is 
immune to any trigger voltage during the timing 
periods. 

An internal 3.15V regulator is included in the 
timer to reject supply voltage changes and to pro- 
vide the user with a convenient reference for appli- 
cations other than a basic timer. External loads up 
to 5 mA can be driven by the regulator. An inter- 
nal 2V divider between the reference and ground 
sets the timing period to 1 RC. The timing period 
can be voltage controlled by driving this divider 


with an external source through the V ADJ pin. 
Timing ratios of 50:1 can be easily achieved. 

The comparator used in the LM122 utilizes high 
gain PNP input transistors to achieve 300 pA typi- 
cal input bias current over a common mode range 
of 0V to 3V. A boost terminal allows the user to 
increase comparator operating current for timing 
periods less than 1 ms. This lets the timer oper- 
ate over a 3/is to multi-hour timing range with 
excellent repeatability. 

The LM122 operates over a temperature range of 
-55°C to +125°C. An electrically identical LM222 
is specified from -25°C to +85°C. The timer is 
available in TO-5, flat package, and dual-in-line 
packages. 

features 

■ Immune to changes in trigger voltage during 
timing interval 

■ Timing periods from microseconds to hours 

■ Internal logic reversal 

■ Immune to power supply ripple or noise during 
the timing interval 

■ Operates from 4.5V to 40V supplies 

■ Input protected to ±40V 

■ Floating transistor output with internal current 
limiting 

■ Internal regulated reference 

■ Timing period can be voltage controlled 

■ TTL compatible input and output 


connection diagrams 


Metal Can Package 


Flat Package 



Order Number LM122H, Order Number LM122F 

LM22H or LM322H See Package 3 

See Package 14 


Dual-1 n-Line Package 



Order Number LM322N 
See Package 22 
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LM122/LM222/LM322 


absolute maximum ratings 


Power Dissipation 500 mW 

V + Voltage 40V 

Collector Output Voltage 40V 

V REF Current 5 mA 

Trigger Voltage ±40V 

V A dj Voltage (Forced) 5V 

Logic Reverse Voltage 5.5V 

Output Short Circuit Duration (Note 1 ) 

Lead Temperature (Soldering, 10 sec) 300°C 


LM122/LM222 

electrical characteristics (Note 21 


PARAMETERS 

CONDITIONS 

MIN 

TYP 

MAX 

UNITS 

Timing Ratio (Note 3) 

T a = 25°C, 4.5V £ V + ^ 40V 

.626 

.632 

.638 



Boost Tied to V + 

.620 

.632 

.644 


Comparator Input Current 

T A = 25°C, 4.5V ^ V + <> 40V 


.3 

1 

nA 


Boost Tied to V + 


30 

100 

nA 

Trigger Voltage 

T A = 25°C, 4.5V <; V + 40V 

1.2 

1.6 

2 

V 

Trigger Current 

T A =25°C,V TR1G = 2V 


25 



Supply Current 

T a = 25°C, 4.5V ^ V + ^ 40V 


2.5 

4 

mA 

Timing Ratio 

4.5V <,\/ + <, 40V 

.620 


.644 



Boost Tied to V + 

.620 


.644 


Comparator Input Current 

4.5V ^ V + ^ 40V 

-5 


5 

nA 

(Note 4) 

Boost Tied to V + 



100 

nA 

Trigger Voltage 

4.5V ^ V + ^ 40V 

.8 


2.5 

V 

Trigger Current 

V tr ,g = 2.5V 



200 

juA 

Output Leakage Current 

V ce = 40V 



1 

juA 

Capacitor Saturation Voltage 

R t ^> 1 


2.5 


mV 


R t = lOkft 


25 


mV 

Reset Resistance 



150 


n 

Reference Voltage 

T a = 25°C 

3 

3.15 

3.3 

V 

Reference Regulation 

0 5^ Iout ^ 3 mA 


20 

50 

mV 


4.5V <1 V + <C 40V 


6 

25 

mV 

Collector Saturation Voltage 

l L = 8 mA 


.25 

.4 

V 


l L = 50 mA 


.7 

1.4 

V 

Emitter Saturation Voltage 

l L = 3 mA j _ 25 0 c 


1.8 

2.2 

V 


l L = 50 mA A 


2.1 

3 

V 

Average Temperature 



.003 


%/°C 

Coefficient of Timing Ratio 






Minimum Trigger Width 

V TRIG = 3.0 V 


.25 


jus 


Note 1: Continuous output shorts are not allowed. Short circuit duration at ambient temperatures of 40°C may be 
calculated from t = 120 /Vce seconds, where Vqe is the collector to emitter voltage across the output transistor during the 
short. 

Note 2: Specifications include the temperature range, -55°C < T a < +125°C for the LM122 and -25°C < T A < +85°C for 
the LM222. 

Note 3: Output pulse width can be calculated from the following equation: t = (R t )(C t ) [1 - 2(0.632 - r) - Vq/VrefI where 
r is timing ratio and Vq is capacitor saturation voltage. This reduces to t = (R t )(C t ) for all but the most critical applications. 
Note 4: Sign reversal may occur at high temperatures ( > 100°C) where comparator input current is predominately leakage. 
See typical curves. 
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absolute maximum ratings 


Power Dissipation 500 mW 

V + Voltage 40V 

Collector Output Voltage 40V 

V REF Current 5 mA 

Trigger Voltage ±40V 

Vadj Voltage (Forced) 5V 

Logic Reverse Voltage 5.5V 

Output Short Circuit Duration (Note 1 ) 

Lead Temperature (Soldering, 10 sec) 300°C 


LM322 


electrical characteristics (Note 2) 


PARAMETERS 

CONDITIONS 

MIN 

TYP 

MAX 

UNITS 

Timing Ratio (Note 3) 

T a = 25°C, 4.5V < V + < 40V 

.620 

.632 

.644 



Boost Tied to V + 

.620 

.632 

.644 


Comparator Input Current 

T a = 25°C, 4.5V < V + < 40V 


.3 

1 

nA 


Boost Tied to V + 


30 

100 

nA 

Trigger Voltage 

T A = 25°C, 4.5V < V + <1 40V 

1.2 

1.6 

2 

V 

Trigger Current 

T a = 25°C, V TRIG = 2V 


25 


MA 

Supply Current 

T a = 25°C, 4.5V ^ V + < 40V 


2.5 

4.5 

mA 

Timing Ratio 

4.5V <V + ^ 40V 

.610 


.654 



Boost Tied to V + 

.610 


.654 


Comparator Input Current 

4.5V <V + ^ 40V 

-2 


2 

nA 

(Note 4) 

Boost Tied to V + 



150 

nA 

Trigger Voltage 

4.5V <V + < 40V 

.8 


2.5 

V 

Trigger Current 

Vtrig =2.5V 



200 

juA 

Output Leakage Current 

V CE = 40V 



5 

HA 

Capacitor Saturation Voltage 

R t > 1 M£2 


2.5 


mV 


R t = 10 kfl 


25 


mV 

Reset Resistance 



150 


n 

Reference Voltage 

T a = 25° C 

3 

3.15 

3.3 

V 

Reference Regulation 

O^Iout^^itiA 


20 

50 

mV 


4.5V <V + < 40V 


6 

25 

mV 

Collector Saturation Voltage 

l L = 8 mA 


.25 

.4 

V 


l L = 50 mA 


.7 

1.4 

V 

Emitter Saturation Voltage 

l L = 3 mA y = 25° C 


1.8 

2.2 

V 


1 L = 50 mA 


2.1 

3 

V 

Average Temperature 



.003 


%/°C 

Coefficient of Timing Ratio 






Minimum Trigger Width 

V TRIG =3.0V 


.25 


JUS 


Note 1: Continuous output shorts are not allowed. Short circuit duration at ambient temperatures of 40°C may be 
calculated from t = 120 /Vqe seconds, where Vqf is the collector to emitter voltage across the output transistor during the 
short. 

Note 2: Specifications include the temperature range 0°C to +70°C for the LM322 unless otherwise noted. 

Note 3: Output pulse width can be calculated from the following equation: t = (R t )(C t )[1 - 2(0.632 - r) - Vq/Vref] where 
r is timing ratio and Vq is capacitor saturation voltage. This reduces to t = (R t )(C t ) for all but the most critical applications. 
Note 4: Sign reversal may occur at high temperatures ( > 70° C) where comparator input current is predominately leakage. 
See typical curves. 
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LM122/LM222/LM322 


typical performance characteristics 



0 .5 1 1.5 . 2 2.5 

COMPARATOR INPUT VOLTAGE (V) 


Supply Current 



0 8 16 24 32 40 

V + (V) 


Comparator Bias Current 



Trigger Input Characteristics 


1.2 

1 

.8 
.6 
.4 
.2 
0 

0 8 16 24 32 40 

TRIGGER VOLTAGE (V) 



Comparator Bias Current 

30 

25 

20 
15 

10 
5 
0 

0 .5 1 1.5 2 2.5 

COMPARATOR INPUT VOLTAGE (V) 


2.5 


2 


1.5 


1 


0 

-55 -15 25 65 105 

TEMPERATURE (°C) 


Trigger Threshold 



Ta = 

-55°C 






t: 



Ta 

25°C 
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GER "H 
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" 
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Output Transistor Saturation 
Characteristics at Low Currents 



0 40 80 120 160 200 

SATURATION VOLTAGE (mV) 


Collector Output Saturation 
Characteristics at High Current 



0 .5 1 1.5 2 2.5 

SATURATION VOLTAGE (V) 


Timing Error Due to 
Comparator Bias Current 



. I 

100k 1M 10M 100M 1G 

TIMING RESISTOR (tt) 
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PULSE (V) VOLTAGE (V) 


typical performance characteristics (con't) 


Short Output Pulse 


Short Output Pulse 


Logic Pin Characteristics 


LOGIC PIN TIED TO | 
[-REFERENCE VOLTAGE- 

T a = 125°C - 
T a = 25°C r 
T a = -55°C - 


V + = 5V 
R, = 10k 
f— C t = 300 pF - 
COLLECTOR OUTPUT R L = 500n 


LOGIC PIN GROUNDED 


i 


125°C 
2S°C 
■■ -55°C 


V* = 5V 
R t = 10k 
f— C t = 300 pF 


a 


COLLECTOR OUTPUT R L = 50057 


2 3 

TIME (ps) 


2 3 

TIME [ns) 


200 

150 

1 mo 

g 50 
cc 

= 0 
u 

i -50 

CJ 

1 -100 
-150 
-200 


THRESHOLD FOR 



^UUIPUI b 
| 150 mV TV 

Wl 1 CH 
PICAL 

Nli 



i 



TRIGGER 

V R /c = 

'LO" 

0 

' 

— 

— 







TRIGGER "HI" | 

. 

T A = 

>5°C 

















1 2 3 4 5 6 

LOGIC PIN VOLTAGE (V) 


schematic diagram 


COLLECTOR 



LM122/LM222/LM322 




LM122/LM222/LM322 


typical applications 


TRIGGER 




OUTPUT 

LOGIC TIED TO V REF 


— <R,> (C t ) 


OUTPUT 

LOGIC TIED TO GND 


TRIGGER 

INPUT 


Basic Timer-Emitter Output and Timing Chart 



TRIGGER 




Basic Timer-Collector Output and Timing Chart 


TRIGGER 




Time Out On Power Up 

Relay Energized Until R t C t Seconds After Vqc is Applied 


Time Out On Power Up 

Relay Energized Rt Ct Seconds After Vqc is Applied 
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typical applications (con't) 




One Hour Timer with Reset & Manual Cycle End 



5V Switching Regulator with 1 Amp 
Output and 5.5V Minimum Input 



Frequency to Voltage Converter (Tachometer) 
Output Independent of Supply Voltage 


ci 



Timer Triggered by Negative Edge of Input Pulse 
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LM122/LM222/LM322 


typical applications (con t) 


•Emitter terminal or emitter load must 
be tied to "GNO" pin of timer. 


Jr/c EMITTER I 

1 V ADJ GND I 


Operating off ±15V Supplies* 


Comparator with OV to 3V Threshold 



h-*. “ V 0 UT(3) 


Chain of Timers and Timing Chart 






Functional Blocks 


LM555/LM555C timer 
general description 

The LM555 is a highly stable device for generating 
accurate time delays or oscillation. Additional terminals 
are provided for triggering or resetting if desired. In the 
time delay mode of operation, the time is precisely con- 
trolled by one external resistor and capacitor. For astable 
operation as an oscillator, the free running frequency and 
duty cycle are accurately controlled with two external 
resistors and one capacitor. The circuit may be triggered 
and reset on falling waveforms, and the output circuit 
can source or sink up to 200 mA or drive TTL circuits. 

features 

■ Direct replacement for SE555/NE555 

■ Timing from microseconds through hours 

■ Operates in both astable and monostable modes 


■ Adjustable duty cycle 

■ Output can source or sink 200 mA 

■ Output and supply TTL compatible 

■ Temperature stability better than 0.005% per °C 

■ Normally on and normally off output 

applications 

■ Precision timing 

■ Pulse generation 

■ Sequential timing 

■ Time delay generation 

■ Pulse width modulation 

■ Pulse position modulation 

■ Linear ramp generator 


schematic diagram 


Q5 Q6 J — | Q11 


THRESHOLD O [ Q1 ^ 

CONTROL 1 < 2/3 v cc> T 

VOLTAGE ° 


R8 < < R9 

100 > > 3.3k 


connection diagrams 


Metal Can Package 



RESET 
TOP VIEW 

Order Number LM555H or LM555CH 
See Package 1 1 


Dual-In-Line Package 


m 



i 

- 

_r 

DISCHARGE 

[& L? 



6 

— [§] [_ 


^3- 

THRESHOLD 

nJ 



5 CONTROL 

c 


VOLTAGE 


TOP VIEW 

Order Number LM555CN 
See Package 20 
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LM555/LM555C 


absolute maximum ratings 

Supply Voltage 

Power Dissipation (Note 1) 

Operating Temperature Ranges 
LM555C 
LM555 

Storage Temperature Range 

Lead Temperature (Soldering* 10 seconds) 


+18V 
600 mW 

0°C to +70°C 
-55°C to +125°C 
-65°C to +150°C 
300°C 


electrical characteristics (t a = 25°C / V cc = +5V to + 15V, unless otherwise specified) 




LIMITS 


PARAMETER 

CONDITIONS 

LM555 i 

LM555C | 

UNITS 



MIN 

TYP 

MAX 

MIN 

TYP 

MAX 


Supply Voltage 


4.5 


18 

4.5 


16 

V 

Supply Current 

V cc =5V, Rl =°° 


3 

5 


3 

6 

mA 


V CC = 15V, R L =~ 

(Low State) (Note 2) 


10 

12 


10 

15 

mA 

Timing Error, Monostable 









Initial Accuracy 



0.5 

2 


1 


% 

Drift with Temperature 

R A , R b = Ik to 100 k, 

C = O.lpF, (Note 3) 


30 



50 


ppm/°C 

Accuracy over Temperature 



1.5 

3.0 


1.5 


% 

Drift with Supply 



0.05 

0.2 


0.1 


%/V 

Timing Error, Astable 









Initial Accuracy 



1.5 



2.25. 


% 

Drift with Temperature 



90 



150 


ppm/°C 

Accuracy over Temperature 



2.5 



3.0 


% 

Drift with Supply 



0.15 



0.30 


%/V 

Threshold Voltage 



0.667 



0.667 


x V cc 

Trigger Voltage 

V cc = 15V 

4.8 

5 

5.2 


5 


V 


< 

o 

o 

CJ1 

< 

1.45 

1.67 

1.9 


1.67 


V 

Trigger Current 



0.5 



0.5 


juA 

Reset Voltage 


0.4 

0.5 

1 

0.4 

0.5 

1 

V 

Reset Current 



0.1 



0.1 


mA 

Threshold Current 

(Note 4) 


0.1 

0.25 


0.1 

0.25 

M a 

Control Voltage Level 

V cc = 15V 

9.6 

10 

10.4 

9 

10 

11 

V 


V cc = 5V 

2.9 

3.33 

3.8 

2.6 

3.33 

4 

V 

Pin 7 Leakage Output High 



1 

100 


1 

100 

nA 

Pin 7 Sat (Note 5) 









Output Low 

V cc = 15V, l 7 = 15 mA 


150 



180 


mV 

Output Low 

V cc = 4.5V, l 7 = 4.5 mA 


70 



80 


mV 

Output Voltage Drop (Low) 

V cc = 15V 
•sink = 10 mA 


0.1 

0.15 


0.1 

0.25 

V 


•sink = 50 mA 


0.4 

0.5 


0.4 

0.75 

V 


■sink = 10° mA 


2 

2.2 


2 

2.5 

V 


•sink = 200 mA 

V cc - 5V 


2.5 



2.5 


V 


•sink = 8 mA 


0.1 

0.25 




V 


•sink = 5 mA 





0.25 

0.35 

V 

Output Voltage Drop (High) 

•source = 200 mA, V C c = 15V 


12.5 



12.5 


V 


•source = 100 mA, V C c = 15V 

13 

13.3 


12.75 

13.3 


V 


V cc = 5V 

3 

3.3 


2.75 

3.3 


V 

Rise Time of Output 



100 



100 


ns 

Fall Time of Output 



100 



100 


ns 


Note 1: For operating at elevated temperatures the device must be derated based on a +150°C maximum junction temperature and a thermal 
resistance of +45°C/W junction to case for TO-5 and +150°C/W junction to ambient for both packages. 

Note 2: Supply current when output high typically 1 mA less at Vcc = 5V. 

Note 3: Tested at Vcc = 5V and V CC = 15V - 

Note 4: This will determine the maximum value of R/\ + Rg for 15V operation. The maximum total (R^ + Rfi) ' s 20 Mf2. 

Note 5: No protection against excessive pin 7 current is necessary providing the package dissipation rating will not be exceeded. 
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MINIMUM PULSE WIDTH (ms) 



LM555/LM555C 




LM555/LM555C 


applications information 

MONOSTABLE OPERATION 

In this mode of operation, the timer functions as a 
one-shot ( Figure /). The external capacitor is initially 
held discharged by a transistor inside the timer. Upon ap- 
plication of a negative trigger pulse of less than 1/3 V cc 
to pin 2, the flip-flop is set which both releases the short 
circuit across the capacitor and drives the output high. 



The voltage across the capacitor then increases exponen- 
tially for a period of t = 1.1 R A C, at the end of which 
time the voltage equals 2/3 V cc . The comparator then 
resets the flip-flop which in turn discharges the capacitor 
and drives the output to its low state. Figure 2 shows 
the waveforms generated in this mode of operation. 
Since the charge and the threshold level of the com- 
parator are both directly proportional to supply voltage, 
the timing internal is independent of supply. 



V cc = 5V Top Trace: Input 5V/Div. 

TIME = 0.1 ms/DIV. Middle Trace: Output 5V/Div. 

R a = 9.11(0 Bottom Trace: Capacitor Voltage 2V/Div. 

C = O.OIjiF 

FIGURE 2. Monostable Waveforms 

During the timing cycle when the output is high, the 
further application of a trigger pulse will not effect the 
circuit. However the circuit can be reset during this time 
by the application of a negative pulse to the reset 
terminal (pin 4). The output will then remain in the low 
state until a trigger pulse is again applied. 

When the reset function is not in use, it is recommended 
that it be connected to V cc to avoid any possibility of 
false triggering. 

Figure 3 is a nomograph for easy determination of R, C 
values for various time delays. 

ASTABLE OPERATION 

If the circuit is connected as shown in Figure 4 (pins 2 
and 6 connected) it will trigger itself and free run as a 



IOmsIOO/js 1 ms 10 ms 100 ms 1 * 10 s 100 s 
t d - TIME DELAY 

FIGURE 3. Time Delay 

multivibrator. The external capacitor charges through 
R a + Rb and discharges through R B . Thus the duty 
cycle may be precisely set by the ratio of these two 
resistors. 



In this mode of operation, the capacitor charges and 
discharges between 1/3 V cc and 2/3 V cc . As in the 
triggered mode, the charge and discharge times, and there- 
fore the frequency are independent of the supply voltage. 

Figure 5 shows the waveforms generated in this mode 



V cc ■ 5V Top Trice: Output 5V/Div. 

TIME = 20ks/DIV. Bottom Trace: Capacitor Voltage IV/Div. 
R A = 3.9 kft 
R B - 3 kn 
C = O.OIjuF 

FIGURE 5. Astable Waveforms 

The charge time (output high) is given by: 

t-, = 0.693 (R a + R b ) C 

And the discharge time (output low) by: 

t 2 = 0.693 (R b )C 

Thus the total period is: 

T = tj + t 2 = 0.693 (R a + 2R b ) C 
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applications information (con't) 


The frequency of oscillation is: 

_ 1 _ 1.44 

T (R a + 2 R b ) C 


Figure 6 may be used for quick determination of these 
RC values. 


The duty cycle is: D = 

Ra + 2R, 



0.1 1 10 100 Ik 10k 100k 

f - FREE-RUNNING FREQUENCY (Hz) 

FIGURE 6. Free Running Frequency 

FREQUENCY DIVIDER 

The monostable circuit of Figure 1 can be used as a 
frequency divider by adjusting the length of the timing 
cycle. Figure 7 shows the waveforms generated in a 
divide by three circuit. 



V C c = 5V Top Trace: Input 4V/0iv. 

TIME = 20ps/DIV. Middle Trace: Output 2V/Div. 

R a * 9.1 kit Bottom Trace: Capacitor 2V/Div. 

C = 0.01m F 

FIGURE 7. Frequency Divider 

PULSE WIDTH MODULATOR 

When the timer is connected in the monostable mode 
and triggered with a continuous pulse train, the output 
pulse width can be modulated by a signal applied to pin 
5. Figure 8 shows the circuit, and in Figure 9 are some 
waveform examples. 



FIGURE 8. Pulse Width Modulator 



Vcc = 5V Top Trace: Modulation IV/Div. 

TIME = D.Z ms/DIV. Bottom Trace: Output 2 V/Div. 

R a = 9.1 kit 
C = 0.01/iF 

FIGURE 9. Pulse Width Modulator 


PULSE POSITION MODULATOR 

This application uses the timer connected for astable 
operation, as in Figure 10, with a modulating signal 
again applied to the control voltage terminal. The pulse 
position varies with the modulating signal, since the 
threshold voltage and hence the time delay is varied. 
Figure 1 1 shows the waveforms generated for a triangle 
wave modulation signal. 



FIGURE 10. Pulse Position Modulator 



V CC =5V 

TIME = 0.1 ms/DIV. 
Ra = 3.9 kSi 
R b = 3 kO 
C = O.OVF 


Top Trace: Modulation Input IV/Div. 
Bottom Trace: Output 2V/Div. 


FIGURE 11. Pulse Position Modulator 


LINEAR RAMP 

When the pullup resistor, R A , in the monostable circuit 
is replaced by a constant current source, a linear ramp is 
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LM555/LM555C 



LM555/LM555C 


applications information (con't) 

generated. Figure 12 shows a circuit configuration that 
will perform this function. 



Figure 13 shows waveforms generated by the linear ramp. 
The time interval is given by: 

_2/3V cc R e (R-, + R 2 )C 
r i V cc — V BE (R 1 + R 2 ) 

V be “ 0.6V 



V CC = 5V 
TIME = 20fjs/DIV 
R, = 47 kU 
R 2 = 100 ki2 
R e = 2.7 kS2 
C = 0.01 /jF 

FIGURE 13. Linear Ramp 


50% DUTY CYCLE OSCILLATOR 


Top Trace: Input 3V/Div. 

Middle Trace: Output 5V/Div. 

Bottom Trace: Capacitor Voltage IV/Div. 


put high is the same as previous, t-, = 0.693 R A C. 
For the output low it is t 2 = 

[ R b - 2R a 1 

— —I 

2R b r a J 
1 

Thus the frequency of oscillation is f = 

ti + 1 2 



FIGURE 14. 50% Duty Cycle Oscillator 

Note that this circuit will not oscillate if R B is greater 
than 1/2 R A because the junction of R A and R B cannot 
bring pin 2 down to 1/3 V cc and trigger the lower 
comparator. 

ADDITIONAL INFORMATION 

Adequate power supply bypassing is necessary to protect 
associated circuitry. Minimum recommended isO.I/uF in 
parallel with 1/uF electrolytic. 

Lower comparator storage time can be as long as 10/us 
when pin 2 is driven fully to ground for triggering. This 
limits the monostable pulse width to 10/us minimum. 

Delay time reset to output is 0.47/us typical. Minimum 
reset pulse width must be 0.3/us, typical. 


For a 50% duty cycle, the resistors R A and R B may be Pin 7 current switches within 30 ns of the output 

connected as in Figure 14. The time period for the out- (pin 3) voltage. 
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Functional Blocks 


K1 



LM2905/LM3905 precision timer 
general description 


The LM3905 is a precision timer that offers great 
versatility with high accuracy. It operates off 
unregulated supplies from 4.5V to 40V while 
maintaining constant timing periods from milli- 
seconds to hours. Internal logic and regulator cir- 
cuits complement the basic timing function en- 
abling the LM3905 to operate in many different 
applications with a minimum of external com- 
ponents. 

The output of the timer is a floating transistor 
with built in current limiting. It can drive either 
ground referred or supply referred loads up to 40V 
and 50 mA. The floating nature of this output 
makes it ideal for interfacing, lamp or relay driv- 
ing, and signal conditioning where an open col- 
lector or emitter is required. A "logic reverse" cir- 
cuit can be programmed by the user to make the 
output transistor either "on" or "off" during the 
timing period. 

The trigger input to the LM3905 has a threshold of 
1.6V independent of supply voltage, but it is fully 
protected against inputs as high as ±40V — even 
when using a 5V supply. The circuitry reacts only 
to the rising edge of the trigger signal, and is 
immune to any trigger voltage during the timing 
periods. 


An internal 3.15V regulator is included in the 
timer to reject supply voltage changes and to pro- 
vide the user with a convenient reference for appli- 
cations other than a basic timer. External loads up 
to 5 mA can be driven by the regulator. An inter- 
nal 2 V divider between the reference and ground 
sets the timing period to 1 RC. 

The comparator used in the LM3905 utilizes high 
gain PNP input transistors to achieve 300 pA typi- 
cal input bias current over a common mode range 
of 0V to 3V. 

features 

■ Immune to changes in trigger voltage during 
timing interval 

■ Timing periods from milliseconds to hours 

■ Internal logic reversal 

■ Immune to power supply ripple or noise during 
the timing interval 

■ Operates from 4.5V to 40V supplies 

■ Input protected to ±40V 

■ Floating transistor output with internal current 
limiting 

■ Internal regulated reference 

■ TTL compatible input and output 



typical applications 


connection diagram 


TRIGGER 



Dual-ln-Line Package 




OUTPUT 

LOGIC TIED TO V REF 

TRIGGER-—- 

U" 

|— (R.) (C t ) »~| 

Vref-^- 


OUTPUT 1 

1 LOGIC TIED TO GN0 1 

R/C— - 


TRIGGER 

INPUT 

, 

1 

1 

4 

GND 



Basic Timer-Emitter Output and Timing Chart 


Order Number LM2905N or LM3905N 
See Package 20 
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LM2905/LM3905 



LM2905/LM3905 


absolute maximum ratings 


Power Dissipation 500 mW 

V + Voltage 40V 

Collector Output Voltage 40V 

V REF Current 5 mA 

Trigger Voltage ±40V 

Logic Reverse Voltage 5.5V 

Output Short Circuit Duration (Note 1 ) 

Lead Temperature (Soldering, 10 sec) 300°C 


LM2905/LM3905 
electrical characteristics <Note2) 


PARAMETERS 

CONDITIONS 

MIN 

TYP 

MAX 

UNITS 

Timing Ratio (Note 3) 

T A = 25°C, 4.5V < V + <1 40V 

.620 

.632 

.644 


Comparator Input Current 

T a = 25°C, 4.5V < V + < 40V 


.3 

1 

nA 

Trigger Voltage 

T A = 25°C, 4.5V ^ V + < 40V 

1.2 

1.6 

2 

V 

Trigger Current 

T a =25°C, V trig = 2V 


25 


ma 

Supply Current 

T a = 25°C, 4.5V <[ V + <1 40V 


2.5 

4.5 

mA 

Timing Ratio 

4.5V <V + ^ 40V 

.610 


.654 


Comparator Input Current 

4.5V <V + ^ 40V 

"2 


2 

nA 

(Note 4) 






Trigger Voltage 

4.5V <V + ^ 40V 

.8 


2.5 

V 

Trigger Current 

V T rig = 2.5V 



200 

iiiA 

Output Leakage Current 

V ce = 40V 



5 

ma 

Capacitor Saturation Voltage 

R t > 1 


2.5 


mV 


R t = 10 kft 


25 


mV 

Reset Resistance 



150 


n 

Reference Voltage 

T a = 25°C 

3 

3.15 

3.3 

V 

Reference Regulation 

0 ^ 1 out ^ 3 mA 


20 

50 

mV 


4.5V <V + < 40V 


6 

25 

mV 

Collector Saturation Voltage 

l L = 8 mA 


.25 

.4 

V 


l L = 50 mA 


.7 

1.4 

V 

Emitter Saturation Voltage 

l L = 3 mA T 25° c 


1.8 

2.2 

V 


l L = 50 mA 


2.1 

3 

V 

Average Temperature 



.003 


%/°C 

Coefficient of Timing Ratio 






Minimum Trigger Width 

Vtrig = 2.5V 

l 

.25 


AiS 


Note 1: Continuous output shorts are not allowed. Short circuit duration at ambient temperatures of 40° C may be 
calculated from t = 50 /Vce seconds, where Vce * s the collector to emitter voltage across the output transistor during the 
short. 

Note 2: Specifications include the temperature range -40°C < T a < +85°C for the LM2905 and 0°C < J < +70°C for the 
LM3905 unless otherwise noted. 

Note 3: Output pulse width can be calculated from the following equation: t = (Rt)(C r )[1 - 2(0.632 — r) - Vc/Vref) where 
r is timing ratio and Vq is capacitor saturation voltage. This reduces to t = (R t) (0^) for all but the most critical applications. 
Note 4: Sign reversal may occur at high temperatures ( > 70°C) where comparator input current is predominately leakage. See 
typical curves. 
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typical performance characteristics 


Comparator Bias Current 

I I I I I Ta'= -55°c| I 


I T a = 25°C / 
-TRIGGER "Hl". 



Comparator Bias Current 


1.6 T a = 10Q u C J 1 1 1 

T . = TRIGGER "HI" 


Logic Pin Characteristics 

200 1 t 1 

THRESHOLD FOR 

15“ 1 OUTPUT SWITCHING 

| 150 mV TYPICAL 

100 1 t 1 TRIGGER "LO' 

rn l V R/C =0 


COMPARATOR INPUT VOLTAGE (V) 


COMPARATOR INPUT VOLTAGE (V) 


LOGIC PIN VOLTAGE (V) 


Supply Current 


Trigger Input Characteristics 


Trigger Threshold 


jafm — 

1 T a -I25C 


16 24 32 40 

V + (V) 





T a 

— 

-55°C 







~z 


Ta 

= 25°C 


/ 

/ 


Ta 

1 1 

* 125 U C . 

f 












8 16 24 32 40 

TRIGGER VOLTAGE |V) 


-55 -15 25 65 105 

TEMPERATURE ( U C) 


Output Transistor Saturation 
Characteristics at Low Currents 


Collector Output Saturation 
Characteristics at High Current 


| | 

~ 

Ta = -55 

C 


T A = 25°C 



□ 


T a = 125°C 

1 1 











) 40 80 120 160 200 

SATURATION VOLTAGE (mV) 


Timing Error Due to 
Comparator Bias Current 



0 .5 1 1.5 2 2.5 

SATURATION VOLTAGE (V) 


100k 1M 10M 100M 11 

TIMING RESISTOR (n) 


Reference Regulation 


Reference Regulation 


Suggested Timing Components 



n 

HI 

IH 

a 

\tu 

OH 

HI 

lUjp 

hI 

| 


s 

8 

mm 




DUTPUT CURRENT (mA) 


LM2905/LM3905 





LM 2905 /LM 3905 
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typical applications (con't) 



TRIGGER 
H LOGIC 


-|V RE F collector 




Basic Timer-Collector Output and Timing Chart 


E 


V REF COLLECTOR 


EMITTER 

GNO 


Time Out On Power Up 

Relay Energized Until R t C t Seconds After Vqc is Applied 


.41 

"T 


TRIGGER 

LOGIC 


R/C EMITTER 

GND 


£* 


30V Supply Interfacing to 5V Logic 



Time Out On Power Up 

Relay Energized R t C t Seconds After Vqc is Applied 
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Consumer Circuits 


LM170/LM270/LM370 agc/squelch amplifier 
general description 


The LM170 is a direct coupled monolithic ampli- 
fier whose voltage gain is controlled by an external 

DC voltage. The device features: 

■ Large Gain Control Range 

■ Self-contained AGC/Squelch system, with fast- 
attack, slow-release. 

■ Low Distortion 

■ Minimum DC output shift as gain is varied 

■ Differential inputs, with large common-mode 
input range 

■ Outputs of several amplifiers may be directly 
summed in multichannel systems. 

■ Dissipates only 18 mW from +4.5V supply, 
usable with supply up to +24V. 


■ Sensitive squelch threshold set by single exter- 
nal resistor. 

In addition to communication system squelch and 
AGC applications, the LM170 is useful as con- 
stant-amplitude audio oscillator, linear low fre- 
quency modulator, single-sideband automatic load 
control, and as a variable DC gain element in 
analog computation. 

The LM170 is specified for operation over the 
-55°C to +125°C military temperature range. The 
LM270 is specified for operation over the -25°C 
to +75°C temperature range. The LM370 is speci- 
fied for operation over the 0°C to +70°C tempera- 
ture range. 


schematic** and connection diagrams 



CONTROL B 
CONTRO 



SQUELCH 

THRESHOLD 

'SQUELCH 


GROUND 
TO 5 
TOP VIEW 


Order Number LM170H 
or LM270H or LM370H 
See Package 14 



See Package 22 


AGC Using Built-in Detection, Driven By Additional 
System Gain 



Squelched Preamplifier with Hysteresis 
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LM170/LM270/LM370 



LM170/LM270/LM370 


absolute maximum ratings 

Supply Voltage 
Storage Temperature 
Operating Temperature LM170 
LM270 
LM370 

Differential Input Voltage 
Common-mode Input Voltage 
Output Short Circuit Duration 
Voltage applied to Pin 3 or 4 
Voltage applied to Pin 2 
Surge power into Pin 6 (1 second max.) 
Continuous power into Pin 6 

electrical characteristics (Notei) 


24V 

-65°C to +150°C 
-55° C to +125° C 
-25°C to +75°C 
0°C to +70° C 
±19. 5V 
(V CC + 0.4)V 
Indefinite 
+6.0V 
+ 12. OV 
1000 mW 
100 mW 


PARAMETER 

SYMBOL 

CONDITIONS 

MIN 

TYP 

MAX 

UNITS 

DC CHARACTERISTICS 







DC Output Voltage 

V 0 (DC) 

V IN (dd) = 0, 

V (gain control) = 0 

+5.0 

+6.0 

+7.0 

V 

DC Output Voltage 

V 0 (DC) 

V 1N (dd) = 0 

V (gain control) = +3.0 

+5.0 

+6.0 

+7.0 

V 

DC Output Shift 

AV 0 (DC) 

V| N (dd) = 0 

V (gain control) changed 
from 0 to +3.0V 







LM170 

-200 

0 

+200 

mV 



LM270 

-500 

0 

+500 

mV 



LM370 

-1000 

0 

1000 


Power Supply Drain 

Ips 

V cc = +24V 


13.5 


mA 



V cc = +4.5V 


4.0 





V CC = +12V LM 170, 270 


8.0 

10.0 

mA 



LM370 


8.0 

12.0 

mA 

Input Bias Current 

1 IB 

LM170, 270 


5.0 

10.0 

pA 



LM370 


5.0 

12.0 


AC CHARACTERISTICS 







Voltage Gain 

A v 

V (gain control) = 0 







LM170, 270 

37.5 

40.0 





LM370 

35.0 

40.0 


dB 



f = 1 KHz 





Gain Reduction Range 

AA V 

V (gain control) changed 
from 0 to +3.0V. Gain 
reduction occurs for 
control voltages between 
+2.1 and +2.5 volts, pin 3 
or pin 4. f = 1 KHz 


-80.0 


dB 


Notei: T A = 25°C, V C c = +12V # V| N(cm) = +6V. 

operating notes 

Voltage gain is continuously variable from a maxi- 
mum value, dependent upon supply voltage, to a 
minimum value, by application of a DC control 
voltage at Pin 3 or 4. DC output voltage is sub- 
stantially independent of gain changes, provided 
that differential DC input voltage is minimized, so 
that direct-coupled or fast gain-control operation 
is possible with minimum disturbance of succeed- 
ing amplifiers. 

Input characteristics are similar to those of an 
operational amplifier, with common-mode input 
range extending from +4.5 volts up to and includ- 
ing the positive supply voltage. Lowest distortion 
occurs at input levels of 20 mV p-p or less. Out- 
puts of several amplifiers, which will have quies- 
cent DC levels approximately half of the positive 


supply, may be directly connected together in 
multi-channel summing systems, without damage. 

Emitter-follower control inputs. Pins 3 and 4, may 
be used as positive peak detectors by connecting a 
smoothing capacitor at Pin 2, in AGC applications. 

A sensitive squelch detector, independent of the 
amplifier's gain, provides fast-attack, slow release 
control at Pin 6, with threshold set by an external 
resistance from Pin 7 to ground. Injecting a por- 
tion of the control voltage at Pin 6 into this thres- 
hold results in a hysteresis, reducing response to 
erratic inputs. Since threshold is dependent on DC 
levels, differential DC input voltage should be held 
constant for squelch operation. 



variable gain characteristics 


Voltage Gain vs Control Voltage 


liiinui 
■Himii 
UMmmmm 

cmvaatu 

mmh warn 

■BUklBKI 


Bandwidth vs Gain Reduction 


. V CC = + 12V 
. V in(c(n , = + 12V . 


Total Harmonic Distortion 
vs Gain Reduction 


-V ln(p . p , = !0mV- 
- f = 2 KHz 
_V CC = +12V 


+1.6 +2.0 +2.4 +2.8 +3.2 

CONTROL VOLTAGE (V), PIN 3 OR 4 


-70 -60 -50 -40 -30 -20 -10 0 

GAIN REDUCTION, dB 


-70 -60 -50 -40 -30 -20 -10 0 

GAIN REDUCTION, dB 


Maximum and Minimum Voltage 
Gain vs Temperature 


■V CC = +12V - 

. f = 1 KHz 
■ V (n =20mV p-p - 


-55 -35 -15 +5 +25 +45 +65 +85 +105+125 
TEMPERATURE, °C 






















till 

-MINIMUM GAIN 
1 1 1 — f 


Bandwidth vs Temperature 




-55 -35 -15 +5 +25 +45 +65 +85 +105 +125 
TEMPERATURE. °C 


Total Harmonic Distortion 
vs Input Amplitude 



10 20 30 40 50 

Vi„,p.p,,mV 


Maximum Voltage Gain 
vs Supply Voltage 


-f = 1 KHz _| j 

. TEMPERATURE = +25°C . 


+4 +8 +12 +16 +20 +24 

SUPPLY VOLTAGE, V cc . V 


Common-Mode Rejection Ratio 
vs Temperature 


IfflOSESHi 


-55 -35 -15 -5 +25 +45+65 +85 +105 +125 
TEMPERATURE, °C 


Output Dynamic Range 
vs Control Voltage 


CONTROL VOLTAGE, V 


squelch characteristics 

Squelch Threshold Voltage 
vs Threshold Resistance 



SQUELCH THRESHOLD RESISTANCE, R SQ , K£2 


Squelch Hysteresis Voltage vs 
Squelch Threshold Voltage 


X V CC = +12V 

^ ^ f = 1 KHz 

(SEE SCHEMATIC,' | 
TYPICAL APPLICATIONS) 


10 20 30 40 50 

SQUELCH TURN-ON THRESHOLD VOLTAGE, mV rm 


Squelch Release Time vs 
Time Constant Capacitance 


- TEMPERATURE = +25°C - 

- V cc = +12V 


7 CHARGING RESISTOR = - 

/ 100 Kfi_|__|__ 

7 (SEE SCHEMATIC, TYPICAL 
APPLICATIONS) " | 

5 10 15 20 25 

TIME CONSTANT CAPACITANCE. /iF 
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LM170/LM270/LM370 


input and output characteristics 



5-4 





Consumer Circuits 


Kli 


LM171/LM 271/LM 371 integrated 
general description 

The LM1 71/LM271/LM371 is a monolithic RF-IF 
amplifier capable of emitter coupled or cascode 
operation from DC to 250 MHz. Wide versatility is 
offered by having all inputs and outputs brought 
out so many circuit configurations are possible. 

features 

■ Low internal feedback, allowing high stability- 
limited gain 

■ Versatility through user-connected configura- 
tions 

■ As emitter coupled amplifier, symmetrical, non- 
saturated limiting 


rf/if amplifier 

■ As cascode, wide AGC range with constant input 
admittance 

■ As differential DC amplifier, low input offset 
voltage and wide dynamic range 

■ As video amplifier, externally selected gain, 
and high gain-bandwidth product 

■ 100 MHz tuned power gain 

(Emitter Coupled) 24.6 dB 

(Cascode) 27.5 dB 

In addition to amplifier service, the circuit is useful 
in mixer, oscillator, detector, modulator, and nu- 
merous other applications. The LM271 is a plug-in 
replacement for the 91 1C type. 


schematic and connection diagrams 




typical applications 


Metal Can Package 

OUTPUT 



Order Number LM171H 
or LM271H or LM371H 
See Package 14 


100 MHz Cascode Test Circuit 


100 MHz Emitter Coupled Test Circuit 





Note: All unmarked bypass capacitors 1000 pF. 
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LM171/LM 271/LM 371 


absolute maximum ratings 

Supply Surge Voltage 30V 

Supply Operating Voltage 24V 

Storage Temperature -65°C to +1 50°C 

Operating Temperature LM171 -55°C to +125°C 

LM271 0°Cto+100°C 

Power Dissipation 230 mW 

Voltage Between 1 and 7 ±5V 

Voltage Between 4 and 6 ±5V 


electrical characteristics These specifications apply for V + = +12V and T A = 25°C 


PARAMETER 

CONDITIONS 

LM171 

LM271 

LM371 

UNITS 

MIN 

TVP 

MAX 

MIN 

TYP 

MAX 

MIN 

TYP 

MAX 

DC CHARACTERISTICS | 

Input Offset Voltage (V os ) 

Is _ ho - 500 pA 



3 



3 



10 

mV 

Input Bias Current (Ibias) 


1.30 


2.65 

1.3 


2.65 

1.3 


2.65 

mA 

Ratio of R1/R2 


0.895 


1.12 

0.895 


1.12 

0.895 


0.895 


Voltage at Pin 3 (V 3 ) 

V 2 = +12V 

2.0 



2.0 



2.0 



V 

Current Through 

Current Source Q3 (l c ) 

lc = h + ho 

2.45 


5.70 

2.45 


5.70 

2.45 


5.70 

mA 

Current Gain (/?) 


40 



40 



40 




Power Supply Current Dram (l PS ) 

Ips = Ibias + Is + ho 



9.0 



9.0 



10.5 

mA 


EMITTER COUPLED CHARACTERISTICS (Input Signal < 10 mVrms) LM171, LM271, LM371 


PARAMETER 

CONDITIONS 

MIN 

— 

TYP 

MAX 

UNITS 

Input Conductance (G^) 

455 kHz 


0.30 

0.40 

mmhos 

Output Conductance (G 22 ) 

455 kHz 


0.01 

0.04 

mmhos 

Magnitude of Forward Transadmittance (|Y 2 -|[) 

455 kHz 

17.0 

27.0 


mmhos 

Magnitude of Reverse Transadmittance (IY 12 I) 

200 MHz 


0.1 


mmhos 

Tuned Power Gain (A P ) 

10.7 MHz 

BW = 470 kHz 


24.6 


dB 

Tuned Power Gain (A P ) 

100 MHz 

BW = 5 MHz 


22.7 


dB 

CASCODE CHARACTERISTICS (Input Signal < 10 mVrms) LM171, LM271, LM371 

Input Conductance (G^) 

455 kHz 


1.1 

2.5 

mmhos 

Output Conductance (G 22 ) 

455 kHz 

Connect Pin 1 

to 7 


0.01 

0.04 

mmhos 

Magnitude of Forward Transadmittance ( 1 Y 2 i 1) 

455 kHz 

Pin 1 GND 

25.0 

50.0 


mmhos 

Magnitude of Reverse Transadmittance (1 Y i 2 l) 

200 MHz 

100 MHz 


0.001 


mmhos 

Tuned Power Gain (A P ) 

Pin 1 GND 

BW = 5 MHz 


27.5 


dB 

Tuned Power Gain (A P ) 

Pin 1 GND 

BW = 6 MHz 


25.0 


dB 

THE FOLLOWING PARAMETERS APPLY FOR THE LM171 FOR -55°C < T A < +125°C 

Magnitude of Forward Transadmittance 
(Emitter Coupled) (|Y 21 |) 

455 kHz 

e in < 10 mV rms 

17.0 



mmhos 

Magnitude of Forward Transadmittance (Cascode) (|Y 2 il) 

455 kHz 

e in < 10 mV rms 

Pin 1 GND 

21.0 



mmhos 
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biasing considerations 


The active portion of the 171 is biased by mono- 
lithic matching of constant-current transistor Q3 
and diode D1 . R1 and R2 may be connected in one 
of four ways to force a current from V cc through 
three diodes. Alternatively, an external resistor may 
be used. If pin 4 is connected to pin 6, directly, or 
through an inductor or resistor having less than 
100 ohms DC resistance, the current drawn by Q3 
will approximately equal that forced through D1. 

Pin 3 may be used as a DC reference voltage, to bias 
pins 1 and 7, and is approximately the minimum 
voltage required to guarantee proper current source 
collector characteristics. 


Typical Biasing for Emitter Coupled Amplifier 



Current Source — Diode 
Current Ratio vs Current 
Forced Through Diode 
Chain 



0 1 2 3 4 5 6 7 8 9 10 

CURRENT FORCED THROUGH DIODE CHAIN (mA) 


DC Reference Voltage (3 to 5) 
vs Diode Chain Current and 
Supply Current 



Total Supply Current 
vs Supply Voltage 


TOTAL DISSIPATION 
- EXCEEDING 230 mW - 
V NOT RECOMMENDED 


2.0 2.1 2.2 2.3 2.4 2.5 2.6 2.7 2.8 
REFERENCE VOLTAGE, PIN 3 TO 5 (V) 


6 9 12 15 18 21 24 27 30 
SUPPLY VOLTAGE V cc (V) 


typical temperature characteristics 


Total Supply Current vs 
Temperature, Vqc = +12V 



-60 -20 20 60 II 

TEMPERATURE (°C) 


Magnitude of Forward 
Transadmittance vs 
Temperature, Vqq = +12V, 
455 kHz 



TEMPERATURE (°C) 


5-7 



LM171/LM271/LM 



cascode configuration 


The common-emitter, common-base, or cascode, Pin 3 may be used as the DC reference for the AGC 

configuration is useful as a tuned RF or IF ampli- input, to assure adequate bias voltage for the col- 

fier to 250 MHz. Two common-base stages are lector of Q3. Where large AGC voltages are used, an 

formed by the differential pair, Q1 and Q2, which external resistive divider, from pin 3 to 1 to the 

may be used as a gain control system by applying 

a differential gain oontrol voltage between pins 1 AGC voltage may be used to optimize the DC AGC 

and 7. With Q1 cut off, maximum gain is obtained, requirements. VAGC is defined as the voltage be- 

being reduced as Q1 is progressively turned on and tween pin 1 and 7. 

Q2 turned off. The input common-emitter transis- 
tor presents a nearly constant input admittance as At some frequencies, bypassing may be required at 
AGC is applied. pins 1, 3, 4 or the V cc connection. 

DC input bias is obtained through the input induc- 
tor from the bias chain, pin 4. 


Input Resistance and Output Resistance and Forward Transadmittance vs 

Capacitance vs Vcc Capacitance vs Vqq AGC Voltage 



0 2 4 6 8 10 12 14 16 18 20 0 2 4 6 8 10 12 14 16 18 20 -200 -100 0 100 200 


SUPPLY VOLTAGE, V cc (V) SUPPLY VOLTAGE V cc (V) V AGC (mV) PIN 1 TO 7 


Input Resistance and 

Capacitance vs Frequency Output Resistance and Forward Transadmittance vs 

@12 Volts Vqc Capacitance vs Frequency Frequency, V/\qc = OV 



FREQUENCY (MHz) FREQUENCY (MHz) FREQUENCY (MHz) 


Tuned Power Gain vs AGC 
Voltage 



-200 -100 0 100 200 
Vagc (mV) PIN 1 TO PIN 7 



jB 2 i (mmhos) -, B 21 (mmhos) 



INPUT RESISTANCE. R P (K ohms) INPUT RESISTANCE, R P (Kft) 


emitter coupled configuration 

The common-collector, common-base, or emitter- nal, and is equally divided when no signal is present, 
coupled configuration is useful as a symmetrical- assuring inherently symmetrical operation. DC bias 

ly non-saturated limiting RF or IF amplifier to for pin 7 is obtained from the divider chain, and 

150 MHz. Basically a differential amplifier, this through the input inductor, the same bias is applied 
configuration is especially suited to FM IF strips to pin 1. 
using conventional interstage tuning. While avail- 
able gain is lower and noise figure higher than the For non-saturated operation, the output load must 
cascode, emitter coupled operation may be consid- be chosen so that the collector voltage of the out- 

ered wherever fast recovery from large-signal over- put transistor is higher than the DC reference volt- 

drive or excellent AM rejection is required. age, with all source current shunted into the out- 

put, for the particular bias levels used. 

Q3 is used as a current source, obtaining its bias 

from the diode chain. Current available from Q3 is At some frequencies, bypassing of pins 3, 6, 7, or 
shunted through Q1 or Q2, depending on input sig- the V cc connection may be required. 


Input Resistance and Output Resistance and Forward Transadmittance 

Capacitance vs Vqq Capacitance vs Vcc vs Vcc 



SUPPLY VOLTAGE, V cc (V) SUPPLY VOLTAGE V cc (V) SUPPLY VOLTAGE, V cc (V) 


Input Resistance and Output Resistance and Forward Transadmittance 

Capacitance vs Frequency Capacitance vs Frequency vs Frequency 



FREQUENCY (MHz) FREQUENCY (MHz) FREQUENCY (MHz) 


Input Resistance and 
Capacitance vs Input 
Signal Level 
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LM 171/ LM 271/ LM 371 



LM 171/ LM 271/LM 371 


dc, audio and video configuration 


Convenient self-contained biasing, excellent mono- 
lithic matching, and high gain-bandwidth product 
make a wide variety of applications possible using 
resistive loads. 


The biasing shown in Figure 3 uses R2 as collector 
load for a single-ended output, differential input 
amplifier. By choosingi, the ; proper external load 
resistor, bias configuration, and supply voltage, 
video amplifiers may be constructed to meet 
specific gain and bandwidth requirements, in 
either cascode or emitter coupled form. 


With matched pairs of external load resistors, true 
differential DC amplifiers may be constructed, with 
large common-mode input range, input offset volt- 
ages typically 0.3 mV, and monolithically matched, 
self-contained current sources easily tailored to spe- 
cific operating point requirements. 


Direct Coupled Test Circuit 
(Connect R|_ Between Pins 8 
and 10, or Connect Pin 2 to 8 
for Internal R|_) 



FIGURE 4 


Voltage Gain, DC Output 
Voltage (R L = R2) & 



50 

40 g 

30 I 

20 > 
z 

10 s 
0 


2 4 6 8 10 12 14 16 18 

SUPPLY VOLTAGE, V cc (V) 


Cascode and Emitter Coupled 
Video Amplifiers Voltage Gain 
and Load Resistance vs 



1 10 100 
3 dB BANDWIDTH (MHz) 


Cascode & Emitter Coupled Video 
Amplifiers Dynamic Range vs 
Load Resistance 



0 12 3 

LOAD RESISTANCE (kft) 


Cascode Video Amplifier Voltage 
Gain & Dynamic Range vs AGC 
Voltage 
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Consumer Circuits 


LM172/LM272/LM 372 am if strip 
general description 

The LM1 72/LM272/LM372 is a broadband AM ■ 

receiver subsystem, including a high gain amplifier, 
an active detector, and self-contained automatic m 

gain control. It is intended for IF orTRF applica- 
tions from 50 kHz to 2 MHz. Bandpass shaping is 
performed by a single, external filter, which may m 

be ceramic, crystal, mechanical, or LC, having 
$}ngle or multiple poles. The IF strip features: 

■ AGC Range: 60 dB ^ 

■ Audio Output of 0.8V p-p for 80% modulated l_ 

inputs, at carrier levels as low as 50 mV rms. t( 

■ Total dissipation only 8.4 mW from +6V supply, fi 

usable with supply up to +15 V. ti 


■ AGC time constant and audio frequency re- 
sponse selected by choice of external capacitors. 

■ Internal supply regulators eliminate individual 
stage decoupling. 

■ AGC voltage available to drive receiver "front 
end." 


The LM172 is specified for operation over the 
-55°C to +125°C military temperature range. The 
LM272 is specified for operation over the -25°C 
to +75°C temperature range. The LM372 is speci- 
fied for operation over the 0°C to +70°C tempera- 
ture range. 



LM172/LM272/LM372 









LM172/LM272/LM372 


absolute maxium ratings 


Supply Voltage Range 
Storage Temperature 
Operating Temperature LM172 
LM272 
LM372 

RF Input Level, Pin 2 


+6V to +1 5V 
-65°C to +1 50°C 
-55°C to +1 25°C 
-25° C to +75° C 
0°C to +70° C 
500 mV rms 


electrical characteristics rr A = 25°o 


PARAMETER 

SYMBOL 

CONDITIONS 

MIN 

TYP 


UNITS 

Power Supply Drain 

Ips 

V cc = 6V, Input = 50 mV 
f = 455 kHz 


1.4 


mA 



V C c = 6V, Input = 50 /iV 
f = 455 kHz 


1.7 


mA 



V C c = 15V, Input = 50 mV 
f = 455 kHz 







LM 172/272 


2.5 

2.65 

mA 



LM372 


2.5 

3.2 

mA 

AGC Range 

AGCR 

V cc = 6V, f = 455 kHz 







LM 172/272 

50 

69 


dB 



LM372 

47 

69 


dB 

AGC Threshold 

V IN (th) 

V cc = 6V, f = 455 kHz 


50 


juV, rms 

Maximum Usable 
Frequency 

MUF 

V cc = 6V 


2.0 


MHz 

Audio Output 

VoUT 

V )N Between 50 /iV and 





Voltage 


50 mV, 455 kHz, 80% modu- 
lated by 100 Hz, 







V cc = 6V 

1 






LM1 72/272 

0.4 

0.8 


V, p-p 



LM372 

0.35 

0.8 


V, p-p 



V cc = 15V 







LM 172/272 

0.45 

0.9 


V, p-p 



LM372 

0.40 

0.9 


V, p-p 


input-output impedance characteristics 


AGC Stage Input Resistance 
vs Temperature 


AGC Stage Output Resistance 
vs Temperature 


Detector Output Resistance 
vs Temperature 


IB 

SB 


D 

S 

fl 

■ 

■ 

■ 





■ 

m 

■ 

■ 

■! 





■ 

■ 

■ 


a 














5 

■ 








■ 

■ 

I 

■ 

■ 














■ 


1 


1 


£ 175 


B 

m 

22 

m 

5 

a 

m 

B 


■ 

m 

■ 


■ 

B 

m 


ml 

■ 

■ 

■ 


■ 

■ 


a 

B 





■ 

m 

a 

B 

B 

B 









■ 

fe 

■ 











■ 


■ 

B 

B 

■ 

I 

■ 


B 

m 

B 
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+25 +125 

TEMPERATURE (°C) 


+25 +125 

TEMPERATURE ( C) 


+25 +125 

TEMPERATURE (°C) 
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AUDIO OUTPUT (Vp-p) AUDIO OUTPUT (V p-p) AGC THRESHOLD fcxV rms) AGC THRESHOLD (pV rrm) 


typical characteristics 


AGC Threshold vs Vqc 


AGC Range vs Vqq 


Audio Distorti 
Modulation 



0.5 MHz 

CARRIER FREQUENCY 


3 









LM172/LM272/LM372 


power supply characteristics 


Power Supply Current vs 
Input Carrier Voltage 



CARRIER VOLTAGE (rms) 


Power Supply Current vs Vcc 



6 9 12 IS 

V cc (V) 


Minimum Operating Vqc 



-55 +25 +125 

TEMPERATURE (°C) 


Power Supply Current 



-55 +25 +125 

TEMPERATURE (°C) 
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Consumer Circuits 


XI 



LM273/LM373 am/fm/ssb if amp/detector 
LM274/LM374 am/fm/ssb if video amp/detector 


general description 

The LM273/LM373 and LM274/LM374 are broad- 
band communications subsystems, capable of per- 
forming the diverse functions required in AM, FM 
or single sideband receivers and transmitters. In 
addition, the LM274/LM374 may operate as high 
gain AGC'd video amplifier. Bandpass shaping may 
be performed by a single external filter, connected 
between amplifier sections, at frequencies from 
audio up to 30 MHz. The first section of the 
LM273/LM373 is optimized to drive low imped- 
ance loads, such as mechanical or ceramic filters. 
The LM274/LM374 has a high output impedance, 
ideal for high-Z crystal, LC or ceramic filters. 

The LM273 and LM274 are specified for operation 
over the -25°C to +100°C military temperature 
range. The LM373 and LM374 are specified for 
operation over the 0°C to +70°C temperature range. 

features 

CONNECTED FOR AM OPERATION 

■ High gain; typical sensitivity of 10 £iV at 
455 kHz 

■ Wide bandwidth; 30 MHz capability 

■ Self-contained detector and AGC system 

■ Wide AGC range, greater than 60 dB for a 1 0 dB 
output change at 27 MHz 

■ Less than ±1 dB change in audio output -20°C 
to +100°C, typically 

■ Access to detector input for S/N improvement 

■ No DC paths required through external filters 


■ Low feedthrough between amplifier sections, 
typically better than 65 dB 

CONNECTED FOR FM OPERATION 

■ Three emitter coupled limiting stages and simple 
quadrature detector 

■ Detection of ±5 kHz deviation FM at either 
455 kHz or 10.7 MHz 

■ Two separated amplifier blocks, allowing filter- 
ing in two or more blocks 

■ No DC paths required through external filters or 
through quadrature network 

CONNECTED FOR SSB OPERATION 

■ Double balanced product detector 

■ Self contained audio peak AGC system 

■ Easy external tailoring of AGC characteristic 
for desired AGC figure of merit 

CONNECTED FOR VIDEO AMPLIFIER 

OPERATION 

■ Internal video peak detector for video AGC 

■ High and low level video outputs 

■ Gated video AGC capability 

In addition, these versatile microcircuits may be 

used as: 

■ Constant amplitude or amplitude modulated 
RF oscillator 

■ Synchronous demodulating IF strip 

■ Mixer and IF, using AGC section as a mixer 

■ Double sideband modulator with audio AGC 



connection diagrams 

Metal Can Package Dual-1 n-Line Package 




Order Number LM273H or LM373H 
LM274H or LM374H 
, See Package 14 


Order Number LM373N or LM374N 
See Package 22 
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LM273/LM373,LM274/LM374 





LM 273/LM 373, LM 274/LM 374 


absolute maximum ratings 

Supply Voltage, Operating 18V 

Supply Voltage, Surge (100 ms max) 24V 

AC Voltage Applied to Any Pin 1.4V p _ p 

DC Voltage Applied to AGC Section Output Pin 

LM273/LM373 +10V, -0.5V 

LM274/LM374 +18V, -0.5V 


DC Voltage Applied to Any Other Pin 
Junction Temperature (Note 1) 
Storage Temperature Range 
Operating Temperature Range 
LM273, LM274 
LM373, LM374 


+8V, -0.5V 
150°C 
-65°C to +150°C 

-25°C to +100°C 
0°C to +70°C 


electrical characteristics 

[T a = 25°C, V cc = +12V unless otherwise noted) (Subscript numbers in parentheses are DIP pin numbers) 


DC CHARACTERISTICS 


PARAMETER 

Power Supply Current 

AGC Input Current 

AGC Section Quiescent Output 

AGC Section Output Shift 


Second Section Quiescent 
Output Voltage 

Peak Detector Quiescent 
Output Voltage 

VIDEO CHARACTERISTICS 


AGC Section Voltage Gain 


AGC Section Transconductance 


AGC Section Bandwidth 
AGC Section Output Swing 


AGC Section Conversion 
Voltage Gain 


Second Section Voltage Gain 


SYMBOL 

1 10(1 4) 


CONDITIONS 

LM273/LM274 | 

| LM373/LM374 1 

UNITS 

MIN 

TYP 

MAX 

MIN 

TYP 

MAX 

V cc = 12V, AM Mode 


14 

20 


14 

20 

mA 

-20°C^T a ^+100°C 



21 




mA 

Vagc^5V 


50 

110 


50 

110 

pA 

-20°C^T a ^+100°C 



110 




ma 

Vagc = 0V, LM273/LM373 


4.75 



4.75 


V 

Vagc = 0V, LM274/LM374 

0.5 

0.7 

1.0 

0.5 

0.7 

1.0 

mA 

Vagc = 0V to V AGC = 5V 








LM273/LM373 


0.1 



0.1 


V 

LM274/LM374 


-0.1 



-0.1 


mA 



3.8 



3.8 


V 



3.8 



3.8 


V 



Second Section Bandwidth BW 2 

Second Section Output Swing Vydu max. 



Vagc = 0V, f = 455 kHz 

Vagc = 4.5V 

30 

32 

-40 

-20°c <it a <; ioo°c 

LM273/LM373 

28 



Vagc = 0V, f = 455 kHz 

28 

40 


-20°C <[ T a <[ 100°C 
LM274/LM374 

28 



Z L = 1 k 113 pF 


30 


R L = Ik. V AGC = 0V, 

V 2 = ±300 mV, 

0.95 

1.4 


-20°C T A <£ 100°C 

0.7 



f, = 30 MHz, f 2 = 

30.455 MHz, e 2 - 800mVrms 
(See Figure 8) 


22 


f = 455 kHz 

32.5 

37 

39 

T a = 100°C 


31 


Z L = 100k II 3 pF 


20 


V 3 - 4 = ±100 mV p ^ 

0.93 

1.4 


-2o°c <; t a ioo°c 

0.75 





AC PORT PARAMETERS (Typical, i 


2(V agc = 0V) 
2 (V AGC = 5V) 


LM273/LM373 


f = 10.7 MH 


LM274/LM374 


f * 10.7 MHz 


1.2k 112 

5 pF 

1.2k 112.5 pF 

1.15k 112.6 pF 

1.2k II 2.5 pF 

1.2k 112.5 pF 

1.15k 112.6 pF 

1.18k II 

3 pF 

1.18k II 3 pF 

1.1k 112.7 pF 

1.18k II 3 pF 

1.18k 113 pF 

1.1k 112.7 pF 

4.5k II 4 

pF 

5k II 5 pF 

4.3k II 5.5 pF 

4.5k II 4 pF 

5k II 5 pF 

4.3k II 5.5 pF 

3.0k II 7 

■7 pF 

3.0k II 7.7 pF 

3.0k 118.0 pF 

3.0k II 7.7 pF 

3.0k II 7.7 pF 

3.0k II 8.0 pF 

1.0k II 6 

IpF 

1.0k II 6 pF 

1.0k II 5 pF 

1.0k II 6 pF 

1.0k II 6 pF 

1.0k 115 pF 

7on ii- 

100 pF 

60H II 5 pF 

200J2 II -90 pF 

600k II 5.5 pF 

100k 113.3 pF 

10k 113.5 pF 


Note 1: For operation at elevated temperatures, derate devices based on 150°C maximum junction temperature and 150°C/W 
junction to ambient or 45°C/W junction to case thermal coefficients for the metal can. 


























electrical characteristics (con't) 


TYPICAL AM PERFORMANCE (See Figures 1 and 2) 


PARAMETER 

CONDITIONS 

f = 455 kHz 

f = 10.7 MHz 

f = 27 MHz 

UNITS 

Sensitivity 

(Signal + Noise)/Noise = 10 dB 

10 

15 

30 

MVrms 

AGC Threshold 

Output 3 dB below extrapolated 
low level gain curve value for 
same input 

35 

55 

110 

MVrms 

AGC Figure of Merit 

Number (dB) input change from 

100 mVrms for 10 dB output change 

68 

63 

60 

dB 

Gain Control Range 

V, = 0 to V, = +5V 

80 

70 

66 

dB 

Audio Output 

R agc = 2.4k, V, N 100 mVrms 

100 

100 

100 

mVrms 


f m = 1 kHz. m = 0.7 






As above, T A = 100°C 

LM273 and LM274 only 

90 

90 

90 

mVrms 

Signal to Noise Ratio 

M = 0.7 to M = 0 
e, N = 30 mVrms 

42 

38 

40 

dB 

Audio Distortion 

M = 0.7, f m = 1 kHz, 
e iN = 10 mV 

5 

3.5 

2.8 

% 

| TYPICAL FM PERFORMANCE (See Figures 3 and 4) | 

Limiting Threshold 

e Q = 3 dB from value at 
e| N = 100 mVrms 






Af = ±75 kHz 


800 

- 

MVrms 


Af = ±5 kHz 

800 

800 

- 

MVrms 

AM Rejection Ratio 

M fm = 1, M am = 0.3 
e !N = 10 mVrms 






Af = ±75 kHz 


45 

- 

dB 


Af = ±5 kHz 

35 


- 

dB 

Audio Output 

e (N = 10 mVrms 






Af = ±75 kHz 


80 

- 

mVrms 


Af = ±5 kHz 

70 

38 

- 

mVrms 


@T A = 100°C, Af = ±75 kHz 


50 

_ 

mVrms 


@ T A = 100°C, Af = ±5 kHz 

LM273 and LM274 only 

40 

19 

- 

mVrms 

Audio Distortion 

e !N = 10 mVrms 






Af = ±75 kHz 


1.5 

- 

% 


Af = ±5kHz 

2 

1.0 

- 

% 

TYPICAL SSB PERFORMANCE (See Figures 5 and 6) 

Sensitivity 

(Signal + Noise)/Noise = 10 dB 
e LO = 60 mVrms 

25 

30 

60 

MVrms 

AGC Threshold 

Same as AM 

300 

300 

500 

MVrms 

AGC Figure of Merit 

Same as for AM 

60 

60 

50 

dB 

Audio Output Voltage 

e tN = 100 mVrms 

60 

80 

85 

mVrms 


T a = 100°C 

LM273 and LM274 only 

40 

55 

60 

mVrms 


schematic diagram 
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LM273/LM373.LM274/LM374 













LM273/LM373,LM274/LM374 


typical performance characteristics 


Power Supply Current Power Supply Current vs Output Terminal Voltage 

vs Supply Voltage Ambient Temperature vs Temperature 



6 8 10 12 14 16 18 20 -20 0 +20 +40 +60 +80 +100 -20 0 +20 +40 +60 +80 +100 


SUPPLY VOLTAGE AMBIENT TEMPERATURE (°C) AMBIENT TEMPERATURE (°C) 


First Section Voltage Gain 

or Transconductance First Section Voltage First Section Voltage 

vs Temperature Gain vs AGC Voltage Gain vs Frequency 



-20 0 20 40 60 80 100 

AMBIENT TEMPERATURE (°C) 

0 3.6 3.7 3.8 3.9 4.0 4.1 4.2 

AGC VOLTAGE, V AGC (V) 

0.1 1.0 10 

FREQUENCY (MHz) 

First Section Conversion 

Voltage Gain vs Frequency 

Second Section Voltage 

Gain vs Frequency 

Cascaded Sections Video 
Gain vs Frequency, 
LM274/LM374 Only 



0.1 1.0 10 100 0.1 1.0 10 100 0.1 1.0 10 30 


RF INPUT FREQUENCY (MHz) FREQUENCY (MHz) FREQUENCY (MHz) 


Relative AM Audio Output 

AM IF Audio Output vs IF Input Voltage, Referred Wide Band FM Audio 

vs IF Input Voltage to 100 mV Inputs Output vs I F Input Voltage 



IF INPUT VOLTAGE (juV) IF INPUT VOLTAGE (juV) IF INPUT VOLTAGE (mV) 
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AM REJECTION RATIO (dB) 



typical performance characteristics (con't) 


AM Rejection Ratio vs I F 
input Voltage for Wide 
Band FM 



455 kHz NFM I F Audio Output, 
AM Rejection Ratio, and Signal 
to Noise vs I F Input Voltage 


10.7 MHz NFM IF Audio 
Output vs IF Input Voltage 


0 

-10 
-20 
-30 
’ -40 


Vcc-+HV| f IF = 455 kHz 
AUDIO OUTPUT 1 | 
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1.0 10 100 
IF INPUT VOLTAGE (mV) 



IF INPUT VOLTAGE (pVrms) 


SSB IF Audio Output and 
Intermodulation Products vs 
IF Input Level 


SSB I F Audio Output 
vs IF Input Voltage 


SSB IF Audio Output 
vs BFO Voltage 



10 100 Ik 10k 100k 

IF INPUT VOLTAGE OjV) 



1kHz A 

1010 
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f|F = 

45 
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ms 
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_ 



10 30 50 100 

BFO INPUT VOLTAGE (mVrms) 


APPLICATION HINTS 

The LM273/LM373 and LM274/LM374 devices 
have been designed for stability and minimum 
usage of external components, while at the same 
time offering wide versatility through access to 
inputs and outputs of nearly every major func- 
tional block of the device. This makes possible the 
detection of AM, FM,and SSB signals with a single 
device with a minimum of circuitry switching. 
Experience has shown that for optimum perform- 
ance of the multiple mode IF strip, the following 
suggestions should be noted. 

First, as with any radio frequency gain device, 
proper layout and minimum lead length should be 
observed. The first gain block. Pin 2 to Pin 9, shows 
a typical gain of 32 dB and the second gain 
block. Pin 4 to Pin 7, shows a typical gain of 37 
dB so it is clear why any stray coupling or long 
leads should be kept clear from any of the gain 
input pins. Despite it's high gain, however, the 
device does not require any shielding between 
stages. Construction on a copperclad printed cir- 
cuit type board is more than adequate. It should 
also be observed that good power supply bypass- 
ing directly at Pin 10 and DC feedback bypassing 
at Pin 3 is always necessary. 


The devices can be wide-band coupled to provide 
video gain response up to approximately 50 MHz. 
For AM operation, however, it is much more de- 
sirable to limit the IF bandwidths. This will greatly 
increase both input sensitivity and AGC figure of 
merit by preventing the device from AGCing on 
wideband detected noise. There are two ways of 
accomplishing this. One is to insert filtering from 
the first gain block to the second. Pin 9 to Pin 4, 
but the most effective way is to AC couple an L-C 
tank from the input of the active peak detector to 
ground. A lossy filter from Pin 9 to Pin 4 should be 
avoided as this will greatly reduce the audio output 
and AGC figure merit. In addition the tank on Pin 
7 should have high enough Q to limit noise yet 
low enough to pass the full IF signal. It should 
also have a high enough impedance (>5k) to avoid 
affecting the gain of that stage. Proper audio out- 
put is attained by a small capacitor at Pin 8 to 
peak detect the RF envelope, followed by a series 
RC roll off to shape the audio response. Here 
again excessive loading will reduce available out- 
put. There is a trade off available between audio 
level out and AGC range so the feedback resistor 
from Pin 8 to the AGC feedback, Pin 1, should be 
adjusted to give the desired results. Pin 1 must 
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LM 273/LM373, LM 274/LM 374 


be filtered well with approximately 15 (J.F capaci- 
tor or larger to prevent any AC variation from 
causing erratic AGC action. 

For proper FM operation, the input level needs to 
be larger, on the order of 1 mV to give full limiting 
which is necessary for good AM rejection. Here 
again low loss coupling from Pin 9 to Pin 4 is 
desired. The phase shift network on Pin 6 should 
be shielded to prevent any extraneous RF pickup 
or radiation. Also the Q of the network should be 
adjusted to give the proper bandwidth for the 
type of signal to be detected, whether wideband or 
narrowband FM. Obviously, it should be tuned 
to the same center frequency as the IF input and 
the Pin 9 to Pin 4 filtering so that detection takes 


place symmetrically around the resonant frequency 
of the tank. Since the audio output for FM is at 
Pin 7, it should be RF bypassed along with audio 
rolloff and de-emphasis. 

For SSB operation, the devices operate almost 
the same as in the AM mode, with the excep- 
tion that the product detector which was un- 
balanced and used as a simple gain stage for 
AM is now balanced and used for detection. The 
local oscillator signal is fed into Pin 6 at an opti- 
mum level around 60 mVrms. For better AGC, a 
capacitor may be added to Pin 8 in addition to 
the one already at Pin 1 to provide even more 
filtering for AGC feedback voltage. The output 
level and AGC figure of merit is still adjusted by 
the feedback resistors from Pin 8 to Pin 1. 


typical applications 


^Capacitors noted by asterisk are 0.1 at 455 kHz. L is Miller No. 43A105CBI for 455 kHz; 8 turns No. 26 
AWG on Micrometals T25-2 Carbonyle Core (0.255 OD x 0.180 ID x 0.096W) for 10.7 MHz; 3 1/2 turns 
No. 20 AWG 5/16" dia x 1/4" long for 27 MHz. 


f Cl C2 C3 C4 L 

455 kHz .01 1000 .012 .001 10.5 juH 

10.7 MHz 1000 250 1000 500 ,22 a/H 

27 MHz 1000 180 300 500 .12jjH 













LM 273/LM 373 . LM 274/LM 374 


typical applications (con't) 



•Capacitors noted by asterisk are 0.1 at 455 kHz. L is Miller No. 43A105CBI for 455 kHz; 8 turns No. 26 
AWG on Micrometals T25-2 Carbonyle Core (0.255 OD x 0.180 ID x 0.096W) for 10.7 MHz; 3-1/2 
turns No. 20 AWG 5/16" dia x 1/4" long for 27 MHz. 
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Consumer Circuits 


LM175/LM275/LM375 oscillator and buffer with TTL output 


general description 

The LM 175/LM275/LM375 is a monolithic, differ- 
ential pair, general purpose oscillator. It may be 
used with crystal control or with LC or RC tanks. 
Two output configurations are possible. It may be 
connected to the internal isolating buffer to pro- 
vide sine or square wave outputs, or to the internal 
logic buffer with output levels and switching times 
compatible with TTL and DTL logic circuitry. It 
provides extremely high temperature and power 
supply versus frequency rejection. 

The LM175 is specified for operation over the 
-55°C to +125°C military temperature range. The 
LM275 is specified for operation over the -25°C 
to +85°C temperature range. The LM375 is speci- 
fied for operation over the 0°C to +70°C temper- 
ature range. 


features 

■ Oscillation up to 200 MHz 

■ Operation from supplies from 4.5V to 24V 
(Logic buffer maximum supply at 7.0V) 

■ H igh supply voltage rejection, typically 
0.1 ppm/V 

■ Low temperature coefficient, typically 
0.05 ppm/°C 

■ Variable drive to crystal to limit dissipation 

■ Capable of fundamental or overtone, series or 
parallel mode of operation 

■ Separate power supply lead for logic buffer for 
noise isolation 

■ Low power dissipation 


schematic and connection diagrams 





typical applications 


Dual-In-Line Package 


BUFFER OUTPUT 1 
BUFFER LIMITING INPUT 2 
8UFFER LINEAR INPUT 3 
OSCILLATOR* INPUT 4 
OSCILLATOR OUTPUT 5 
OSCILLATOR-INPUT 6 
GND 7 



[—14 OSCILLATOR V CC 
13 LOGIC BUFFER V cc 
12 LOGIC BUFFER OUTPUT 
LOGIC BUFFER INPUT 


HIGH CURRENT 
BIAS TAP 

ME0IUM CURRENT 
8IAS TAP 
DC REF BYPASS 


TOP VIEW 

Order Number LM175D 
or LM275D or LM375D 
See Package 1 

Order Number LM375N 
See Package 22 
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LM175/LM275/LM375 


absolute maximum ratings 






Supply Operating Voltage (Pin 14) 


24V Storage Temperature Range 

-65°C to +1 50°C 

Supply Operating Voltage (Pin 13) 


7V Operating Temperature Range LM175 

-55°C to +1 25°C 

Differential Input Voltage AV P 4 to Pin 6 

5V . 


LM275 

-25° C to +85°C 

AV P 2 to Pin 3 

5V 


LM375 


0°C to 70°C 

Power Dissipation (Note 1) 

500 mW Lead Temperature (Soldering, 10 sec) 


300°C 

electrical characteristics rr A 

= 25°C, V cc = 5V unlessotherwise noted) 



PARAMETER 

SYMBOL 

CONDITIONS 

MIN 

TYP 

MAX 

UNITS 

DC CHARACTERISTICS 

Power Supply Current (Pin 14) 

•PS14 

V cc = 24V 

4.0 

6.0 

12.0 

mA 

Power Supply Current (Pin 13) 

•pS13 

No Load at Pin 12 

4.0 

6.0 

14.0 

mA 

Oscillator Output Current 

•osc 

R L (Pin 5) = 1 k£2 

Pin 9 Open, Pin 10 Open 

120 

140 


^Ap-p 



Pin 9 Tied to Pin 10 

160 

190 


AA p -p 



Pin 9 Grounded, Pin 10 Open 

300 

360 


MA p -p 



Pin 10 Grounded, Pin 9 Open 

750 

1000 


A t A p . p 

Buffer Output Current 

Ibuf 


2.5 

3.0 


m A p _p 

Logic Buffer Output Voltage 

Vttl 

Input LOW 

Input HIGH 

2.1 

2.7 





■sink = 1-6 mA 


200 

400 

mV 

The Following Specifications apply to -55°C < T A < +125°C 

Oscillator Output Current 

•osc 

R l (Pin 5) = 1 kJT2 

Pin 9 Open, Pin 10 Open 

100 

■ 

■ 

AA p _p 



Pin 9 Tied to Pin 10 

130 



A Ap- p 



Pin 9 Grounded, Pin 10 Open 

250 



A A p - p 



Pin 10 Grounded, Pin 9 Open 

600 

1 

1 

M a o-p 

Buffer Ouptut Current 

!buf 


2.0 


1 

^ Ap-p 

AC CHARACTERISTICS 

Oscillator Gain (at 1 kHz) 

9 m osc 

Pin 9 Open, Pin 10 Open 


1.4 


mmhos 



Pin 9 Tied to Pin 10 


1.9 


mmhos 



Pin 9 Grounded, Pin 10 Open 


3.6 


mmhos 



Pin 9 Open, Pin 10 Grounded 


10.0 


mmhos 

Oscillator 3 dB Bandwidth 

BW osc 

R s = R L (Pin 5) = 50f2 


200 


MHz 

Buffer Gain (at 1 kHz) 

gm B UF 

R l (Pin 1) = 500£2 







Linear Mode 


8 


mmhos 



Limiting Mode 


30 


mmhos 

Buffer 3 dB Bandwidth 

bw buf 

R s = R l (Pin 1) = 50ft 







Linear Mode 


200 


MHz 



Limiting Mode 


80 


MHz 

Logic Buffer Rise Time 

■ 



20 

50 

ns 

Logic Buffer Fall Time 

| 



20 

50 

ns 

Note 1: For operation at elevated temperatures, the device must be operated based 

on a 150°C maximum junction 

temperature with a thermal resistance of 140°C/W for the metal DIP package and 100°C maximum junction temperature 

with a thermal resistance of 150° C/W for the plastic DIP package. 
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electrical characteristics (con't) 


PARAMETER 

SYMBOL 

CONDITIONS 

MIN 

TYP 

MAX 

UNITS 

OSCILLATOR CHARACTERISTICS (See Oscillator Circuit) 

Frequency vs Power Supply 
Rejection 


5V < V cc < 10V 


0.1 


ppm/V 

Frequency vs T emperature 
Rejection 


-55°C < T A < +125°C 


0.05 


ppm/°C 

Load Pull (Change in 

Frequency vs Change in 

Buffer Load Impedance) 


0<R l buf < 


0.01 


ppm 

INPUT-OUTPUT TERMINAL CHARACTERISTICS 

Oscillator Input Resistance 

R* 

Minimum Current 


10 


kn 



Maximum Current 


4.5 


k£l 


Re 

Minimum Current 


10 


k£2 



Maximum Current 


4.5 


k£2 

Oscillator Input Capacitance 

c 4 



3 


pF 


c 6 



3 


pF 

Oscillator Output Resistance 

r 5 

Minimum Current 


100 


kft 



Maximum Current 


30 


kn 

Oscillator Output Capacitance 

C 5 



3 


PF 

Buffer Input Resistance 

r 2 



10 


kft 


r 3 



10 


kn 

Buffer Input Capacitance 

c 2 



2 


pF 


C3 



2 


pF 

Buffer Output Resistance 

Ri 



100 


kft 

Buffer Output Capacitance 

Ci 



5 


PF 

Logic Buffer Input Resistance 

Ru 



1.2 


kf2 

Logic Buffer Input Capacitance 

Cn 



4 


pF 


typical oscillator circuit connections 


10.7 MHz Voltage-Controlled Crystal 
Oscillator Parallel Tuning 



Frequency and Output Voltage 
for Parallel Tuned VCXO 



0 4 8 12 16 20 24 
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typical oscillator circuit connections (con t) 


Frequency and Output Voltage 
for Series T uned VCXO 


24 20 16 12 

^CONTROL 


10.7 MHz Voltage Controlled Crystal 
Oscillator Series Tuning 



•Kevicap KV2001 
hyperabrupt junction 
varactor diode. 


10.7 MHz Series Resonant Crystal Oscillator 


10.7 MHz Parallel Resonant Crystal Oscillator 




typical performance characteristics 

IPS 14 vs Temperature 

«PS 14 ^ V CC (T A - 25°C) (V CC = 12V) 


■oSC vsV CC Ta = 25°C 



HH 

(P10GND)- 

_LL 

— 

— 

1000 

llll 







Mil 






o 600 

bih 

/ P9 OPEN \ 

-\ P10 OPEN / — 



400 

200 
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Consumer Circuits 


LM377 dual 2 watt audio amplifier 
general description 

The LM377 is a monolithic dual power amplifier which 
offers high quality performance for stereo phonographs, 
tape players, recorders, and AM-FM stereo receivers, etc. 

The LM377 will deliver 2W/channel into 8 or 16JT2 loads. 
The amplifier is designed to operate with a minimum of 
external components and contains an internal bias regu- 
lator to bias each amplifier. Device overload protection 
consists of both internal current limit and thermal 
shutdown. 

features 

■ A vo typical 90 dB 

■ 2W per channel 

■ 70 dB ripple rejection 

■ 75 dB channel separation 

■ Internal stabilization 

■ Self centered biasing 


■ 3 Mf2 input impedance 

■ 10— 26V operation 

■ Internal current limiting 

■ Internal thermal protection 

applications 

■ Multi-channel audio systems 

■ Tape recorders and players 

■ Movie projectors 

■ Automotive systems 

■ Stereo phonographs 

■ Bridge output stages 

■ AM-FM radio receivers 

■ Intercoms 

■ Servo amplifiers 

■ Instrument systems 


schematic diagram 



connection diagram 


typical applications 


Dual-In-Line Package 



TOP VIEW 

Order Number LM377N 
See Package 22 


250uF 1M 

T.,„ r™- 

HhUr 


7 < 8 >| ^13.4.5. 10. 11. IzL 


2k 82 pF 


15W Per Channel Audio Amplifier 
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absolute maximum ratings 


Supply Voltage 

Input Voltage 

Operating Temperature 

Storage Temperature 

Junction Temperature 

Lead Temperature (Soldering, 10 seconds) 


26V 

0V - V SU pp LY 
0°C to +70°C 
-65°C to +1 50°C 
1 50°C 
300°C 


electrical characteristics 

V s = 20V, T xab = 25°C, R l = 8£7, A v = 50 (34 dB), unless otherwise specified. 


PARAMETER 

CONDITIONS 

MIN 

TYP 

MAX 

UNITS 

Total Supply Current 

P OUT = OW 


15 

50 

mA 


P out = 1.5W/Channel 


430 

500 

mA 

DC Output Level 



10 


V 

Supply Voltage 


10 


26 

V 

Output Power 

T.H.D. = < 5% 

2 

2.5 


W 

T.H.D. 

Pout = 0.05W/Channel, f = 1 kHz 


0.25 


% 


P out = 1 W/Channel, f = 1 kHz 


0.07 

1 

% 


Pout = 2W/Channel, f = 1 kHz 


0.10 


% 

Offset Voltage 



15 


mV 

Input Bias Current 



100 


nA 

Input Impedance 


3 




Open Loop Gain 

R s = 0 ft 

66 

90 


dB 

Output Swing 



Vg-6 


Vp.p 

Channel Separation 

C F = 250/iF, f = 1 kHz 

50 

70 


dB 

Ripple Rejection 

f = 120 Hz, C F = 250mF 

60 

70 


dB 

Current Limit 



1.5 


A 

Slew Rate 



1.4 


V/ms 

Equivalent Input Noise Voltage 

R s = 600£2, 100 Hz - 10 kHz 


3 


/iVrms 


Note 1 : For operation at ambient temperatures greater than 25°C the LM377 must be derated based on a maximum 150°C junction temperature 
using a thermal resistance which depends upon device mounting techniques. 

Note 2: Dissipation characteristics are shown for four mounting configurations. 

a. Infinite sink — 13.4° C/W 

b. P.C. board +V 7 sink — 21°C/W. P.C. board is 2 1/2 square inches. Staver V 7 sink is 0.02 inch thick copper and has a radiating surface 
area of 10 square inches. 

c. P.C. board only — 29° C/W. Device soldered to 2 1/2 square inch P.C. board. 

d. Free air- 58° C/W. 
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POWER SUPPLY REJECTION (dB) 


typical performance characteristics (con t) 


Supply Rejection vs 
Frequency 



LM377 
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LM378 dual 4 watt audio amplifier 
general description 

The LM378 is a monolithic dual power amplifier which 
offers high quality performance for stereo phonographs, 
tape players, recorders, and AM-FM stereo receivers, etc. 

The LM378 will deliver 4W channel into 8 or 16£2 loads. 
The amplifier is designed to operate with a minimum of 
external components and contains an internal bias regu- 
lator to bias each amplifier. Device overload protection 
consists of both internal current limit and thermal 
shutdown. 

features 

■ A vo typical 90 dB 

■ 4W per channel 

■ 70 dB ripple rejection 

■ 75 dB channel separation 

■ Internal stabilization 


Consumer Circuits 


■ Self centered biasing 

■ 3 M12 input impedance 

■ Internal current limiting 

■ Internal thermal protection 

applications 

■ Multi-channel audio systems 

■ Tape recorders and players 

■ Movie projectors 

■ Automotive systems 

■ Stereo phonographs 

■ Bridge output stages 

■ AM-FM radio receivers 

■ Intercoms 

■ Servo amplifiers 

■ Instrument systems 


schematic diagram 



connection diagram 

Dual-ln-Line Package 



TOP VIEW 

Order Number LM378N 
See Package 22 


typical applications 
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absolute maximum ratings 

Supply Voltage 35V 

Input Voltage OV - V SU pp LY 

Operating Temperature 0°C to +70°C 

Storage Temperature ~65°C to +150°C 

Junction Temperature 150°C 

Lead Temperature (Soldering, 10 seconds) 300°C 


electrical characteristics 

V s = 24V, T tab = 25°C, R L = 8ft, A v = 50 (34 dB), unless otherwise specified. 


PARAMETER 

CONDITIONS 

MIN 

TYP 

MAX 

UNITS 

Total Supply Current 

Pout = 0W 


15 

50 

mA 


P out = 1.5W/Channel 


430 

500 

mA 

DC Output Level 



12 


V 

Supply Voltage 


10 



V 

Output Power 

T.H.D. = < 5%, R l = 8£2 

4 

5 


W 


T.H.D. = < 5%, R L = 16H 

4 

5 


w* 

T.H.D. 

Pout = 0.05W/Channel, f = 1 kHz 


0.25 


% 


P OU T = IW/Channel, f = 1 kHz 


0.07 

1 

% 


Pout 2W/Channel, f = 1 kHz 


0.10 


% 

Offset Voltage 



15 


mV 

Input Bias Current 



100 


nA 

Input Impedance 


3 



MO 

Open Loop Gain 

R s = 0^ 

66 

90 


dB 

Channel Separation 

C F = 250/iF, f = 1 kHz 

50 

70 


dB 

Ripple Rejection 

f = 120 Hz, C F = 250/iF 

60 

70 


dB 

Current Limit 



1.5 


A 

Slew Rate 



1.4 


V/jLlS 

Equivalent Input Noise Voltage 

R s = 6000, 100 Hz - 10 kHz 


3 


juVrms 


Note 1 : For operation at ambient temperatures greater than 25°C the LM378 must be derated based on a maximum 150°C junction temperature 
using a thermal resistance which depends upon device mounting techniques. 

Note 2: Dissipation characteristics are shown for four mounting configurations. 

a. Infinite sink — 1 3.4°C/W 

b. P.C. board +V7 sink — 21°C/W. P.C. board is 2 1/2 square inches. Staver V7 sink is 0.02 inch thick copper and has a radiating surface 
area of 10 square inches. 

c. P.C. board only — 29°C/W. Device soldered to 2 1/2 square inch P.C. board. 

d. Free air — 58°C/W. 

* Tested at V s = 30V. 
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typical performance characteristics 


Maximum Dissipation vs 
Ambient Temperature 



Q 10 20 30 40 50 60 70 



100 Ik 10k 100k INI 


Power Dissipation vs 
Power Output 



0 1 2 3 4 5 


T a - AMBIENT TEMPERATURE (°C) 


f- FREQUENCY (Hz) 


POWER OUTPUT (W/CHANNEL) 


Supply Current vs 
Output Power 



0 1 2 3 4 5 

OUTPUT POWER (W/CHANNEL) 


Supply Current vs 
Output Power 

800 

lea 700 
— z 

£< 600 

= 5 

S& 500 
JuJ 400 
5 1 300 

| = 200 
> 2 100 

0 1 2 3 4 5 

OUTPUT POWER (W/CHANNEL) 



tD 



Power Dissipation vs 
Power Output 



POWER OUTPUT (W/CHANNEL) 




0 100 200 300 400 500 

GAIN (Ay) 


Supply Rejection vs 
Frequency 



10 100 1000 10k 100k 

FREQUENCY (Hz) 



10 15 20 25 30 35 

V SUPPLY (V) 
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typical applications (con # t) 


100k 



8W Bridge Amplifier Simple Stereo Amplifier 
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LM379 dual 6 watt audio amplifier 
general description 

The LM379 is a monolithic dual power amplifier which 
offers high quality performance for stereo phonographs, 
tape players, recorders, and AM-FM stereo receivers, etc. 

The LM379 will deliver 7W/channel to an 8£2 load. The 
amplifier is designed to operate with a minimum of 
external components and contains an internal bias regu- 
lator to bias each amplifier. Device overload protection 
consists of both internal current limit and thermal 
shutdown. 

features 

■ A V o typical 90 dB 

■ 7W per channel 

■ 70 dB ripple rejection 

■ 75 dB channel separation 

■ Internal stabilization 


Consumer Circuits 


■ Self centered biasing 

■ 3 M£7 input impedance 

■ Internal current limiting 

■ Internal thermal protection 

applications 

■ Multi-channel audio systems 

■ Tape recorders and players 

■ Movie projectors 

■ Automotive systems 

■ Stereo phonographs 

■ Bridge output stages 

■ AM-FM radio receivers 

■ Intercoms 

■ Servo amplifiers 

■ Instrument systems 


schematic diagram 



connection diagram 

Dual-ln-Line Package 



TOP VIEW 

Order Number LM379M 
See Package 36 


typical applications 


O.ImF 



14W Bridge Amplifier 
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absolute maximum ratings 


Supply Voltage 

Input Voltage 

Operating Temperature 

Storage Temperature 

Junction Temperature 

Lead Temperature (Soldering, 10 seconds) 


35V 

ov — v SUPPLY 

0°C to +70°C 
-65°C to +1 50°C 
150°C 
300°C 


electrical characteristics 

V s = 28V, T tab = 25°C, R u = 8H, A v = 50 (34 dB), unless otherwise specified. 


PARAMETER 

CONDITIONS 

MIN 

TYP 

MAX 

UNITS 

Total Supply Current 

P O UT=0W 


15 

65 

mA 


Pout = 1 .5W/Channel 


430 


mA 

DC Output Level 



14 


V 

Supply Voltage 


10 



V 

Output Power 

T.H.D. = 5% 


6 


W 


T.H.D. = 10% 

6 

7 


W 

T.H.D. 

Pout= IW/Channel, f = 1 kHz 


0.07 

1 

% 


Pout = 4W/Channel, f = 1 kHz 


0.2 


% 

Offset Voltage 



15 


mV 

Input Bias Current 



100 


nA 

Input Impedance 


3 



Mfi 

Open Loop Gain 

R s = 0£2 

66 

90 


dB 

Channel Separation 

C F = 250/iF, f = 1 kHz 

50 

70 


dB 

Ripple Rejection 

f= 1 20 Hz, C F = 250/iF 


70 


dB 

Current Limit 



1.5 


A 

Slew Rate 



1.4 


V/jUS 

Equivalent Input Noise Voltage 

R s = 60012, 100 Hz - 10 kHz 


3 


/uVrms 


Note 1: For operation at ambient temperatures greater than 25°C the LM379 must be derated based on a maximum 150°C junction temperature 
using a thermal resistance which depends upon device mounting techniques. 
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AVERAGE SUPPLY CURRENT (mA) 
BOTH CHANNELS OPERATING 


typical performance characteristics 


Maximum Dissipation vs 
Ambient Temperature 



10 20 30 40 50 60 70 

T a - AMBIENT TEMPERATURE (°C) 


Open Loop Gain 


l uu Ik lUk lUUk 1M 
f- FREQUENCY (Hz) 


Power Dissipation vs 
Power Output 



l i j n a d 
POWER OUTPUT (W/CHANNEL) 


Supply Current vs 
Output Power 












> 



















7_ 






~y_ 







f~ 







' A v = 

= 50, V 

S = 28V, R u 

= 8fi. 

f=1 

kHz 


1 2 3 4 5 6 

OUTPUT POWER (W/CHANNEL) 


Supply Current vs PoUT 


A v = 

>0, Vs 

30, R 

= 16f 

f=UHz^ 













/ 

y_ 





7 






f 







Power Dissipation vs 
Power Output 



OUTPUT POWER (W/CHANNEL) 


POWER OUTPUT (W/CHANNEL) 


Supply Rejection vs 
Frequency 



L V s = 20V, A v = 50 1 

I C VALUES ARE RIPPLE FILTER! 


0 100 1000 10k 100k 

FREQUENCY (Hz) 


Channel Separation 




■iiiii 

■Hill 

■iiiii 

■Hill 

■mm 

■■iiiii 

■mjjj 


■ ■■III 

■Hill 

■mil 

■iiiii 

■hiih 



IV, n L - 01 

0, C F = 250 



10 100 Ik 10k 100k 

FREQUENCY (Hz) 


Distortion vs Frequency 

1 [■ a v ' = 50, Vs =' 24 v, "R l =' leri'j — 



10 100 Ik 1 

FREQUENCY (Hz) 


Distortion vs Frequency 


Distortion vs Gain 


OUTPUT POWER = 0.5W 
FREQUENCY = 1 kHz 


Output Swing vs Vg 









wasm 


m 








0 15 20 25 30 3! 

V SUPPLY (V) 


19 







LM379 
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LM380 audio power amplifier 
general description 

The LM380 is a power audio amplifier for con- 
sumer application. In order to hold system cost to 
a minimum, gain is internally fixed at 34 dB. A 
unique input stage allows inputs to be ground 
referenced. The output is automatically self ent- 
ering to one half the supply voltage. 

The output is short circuit proof with internal' 
thermal limiting. The package outline is standard 
dual-in-line. A copper lead frame is used with the 
center three pins on either side comprising a heat 
sink. This makes the device easy to use in standard 
p-c layout. A mini dual-in-line package version 
with reduced power capability also available. 

Uses include simple phonograph amplifiers, inter- 
coms, line drivers, teaching machine outputs, 


alarms, ultrasonic drivers, TV sound systems, AM- 
FM radio, small servo drivers, power converters, etc. 

features 

■ Wide supply voltage range 

■ Low quiescent power drain 

■ Voltage gain fixed at 50 

■ High peak current capability 

■ Input referenced to GND 

■ High input impedance 

■ Low distortion 

■ Quiescent output voltage is at one-half of the 
supply voltage 

■ Standard dual-in-line package 


block and connection diagrams 


Dual-In-Line Package 


Dual-In-Line Package 



schematic diagram 
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LM380 


absolute maximum ratings 


Supply Voltage 
Peak Current 

Package Dissipation 14 Pin DIP (Note 6) 

Package Dissipation 8 Pin DIP (Note 7) 

Input Voltage 

Storage T emperature 

Operating Temperature 

Junction Temperature 

Lead Temperature (Soldering, 10 sec) 


22 V 
1.3A 
5.0W 
660 mW 
±0.5V 
-65°C to +150°C 
0°C to +70° C 
+1 50°C 
+300° C 


electrical characteristics (Notei) 


PARAMETER 


CONDITIONS 


MAX UNITS 


Output Power 


(Notes 3, 4) R L = 8£2, THD = 3% 


Output Voltage Swing 
Input Resistance 
Total Harmonic Distortion 
Power Supply Rejection Ratio 
Supply Voltage 


Quiescent Supply Current 
Quiescent Output Voltage 


Short Circuit Current 


r = 2W, R L = 80. 


Inputs Floating 


Note 1: Vg = 18V and T/\ = 25°C unless otherwise specified. 

Note 2: Rejection ratio referred to the output with CgYPASS = 5 juF. 

Note 3: With device Pins 3, 4, 5, 10, 11, 12 soldered into a 1/16” epoxy glass board with 2 ounce copper foil with a minimum 
surface of 6 square inches. 

Note 4: If oscillation exists under some load conditions, add 2.7fl and 0.1 fifd series network from Pin 8 to Gnd. 

Note 5: CgYPASS = 0-47 jufd on Pin 1. 

Note 6: Pins 3, 4, 5, 10, 1 1 , 12 at 25°C derate 25°C/W above 25°C case. 

Note 7: For operating at elevated temperatures, the device must be derated based on a 150°C maximum junction temperature 
and a thermal resistance of 187°C/W junction to ambient. 


heat sink dimensions 



COPPER WINGS 
2 REQUIRED 
SOLDERED TO 
PINS 3, 4, 5, 

10 , 11, 12 
THICKNESS 0.04 
INCHES 


5-42 



- POWER SUPPLY CURRENT (mA) DEVICE DISSIPATION (WATTS) 


typical performance characteristics 


Maximum Device Dissipation vs Ambient Temperature 
6.0 



T c MEASURED 
ON PIN 4 OR 11 
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Device Dissipation vs Output 
Power — 4ft Load 
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0 0.5 1.0 1.5 2.0 2.5 3.0 3.5 4.0 

OUTPUT POWER (WATTS) 


Device Dissipation vs Output 
Power — 8ft Load 



0 0.5 1.0 1.5 2.0 2.5 3.0 3.5 4.0 4.5 5.0 
OUTPUT POWER (WATTS) 


Device Dissipation vs Output 
Power — 16ft Load 



0 0.5 1.0 1.5 2.0 2.5 3.0 3.5 4.0 4.5 5.0 
OUTPUT POWER (WATTS) 


Power Supply Current vs 
Supply Voltage 



10 12 14 16 18 20 22 

V + SUPPLY VOLTAGE (V) 


Total Harmonic Distortion 
vs Frequency 



Output Voltage Gain and 
Phase vs Frequency 



100 200 500 Ik 2k 5k 10k 20k 

FREQUENCY (Hz) 


Ik 10k 100k 1M 

FREQUENCY (Hz) 


Total Harmonic Distortion 
vs Output Power 



0.1 0.2 0.5 1.0 2.0 5.0 10 

Po - OUTPUT POWER (WATTS) 


Device Dissipation vs Output 
Power 



0.1 0.2 0.3 0.4 0.5 

OUTPUT POWER (WATTS) 


Supply Decoupling vs Frequency 





10 Hz 100 Hz 1kHz 10 kHz 
FREQUENCY 
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Consumer Circuits 


LM381/LM381A low noise dual preamplifier 
general description 


The LM381/LM381 A is a dual preamplifier for 
the amplication of low level signals in applications 
requiring optimum noise performance. Each of the 
two amplifiers is completely independent, with 
individual internal power supply decoupler- 
regulator, providing 120 dB supply rejection and 
60 dB channel separation. Other outstanding 
features include high gain (112 dB), large output 
voltage swing (V cc -2V) p-p, and wide power 
bandwidth (75 kHz, 20V P . P ). The LM381/LM381 A 
operates from a single supply across the wide range 
of 9 to 40V. 

Either differential input or single ended input 
configurations may be selected. The amplifier 
is internally compensated with the provision for 


additional external compensation for narrow band 
applications. 

features 

■ Low Noise — .5 juV total input noise 

■ High Gain — 1 12 dB open loop 

■ Single Supply Operation 

■ Wide supply range 9-40V 

■ Power supply rejection 120 dB 

■ Large output voltage swing (V cc -2V) p . p 

■ Wide bandwidth 1 5 MHz unity gain 

■ Power bandwidth 75 kHz, 20 V p _ p 

■ Internally compensated 

■ Short circuit protected 


schematic and connection diagrams 


Dual-ln-Line Package 



typical applications 




Typical Tape Playback Amplifier Typical Magnetic Phono Preamp. 



Two-Pole Fast Turn-On NAB Tape Preamp 
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LM381/LM381A 


absolute maximum ratings 


Supply Voltage 

Power Dissipation 

Operating Temperature Range 

Storage Temperature Range 

Lead Temperature (Soldering, 10 sec) 


+40V 
800 mW 
0°C to 70°C 
-65°C to +1 50°C 
300°C 


electrical characteristics T a = 25°C, Vcc = 14V, unless otherwise stated. 


PARAMETER 

CONDITIONS 

MIN 

TYP 

MAX 

UNITS 

Voltage Gain 

Open Loop (Differential Input) 




v/v 


Open Loop (Single Ended) 




v/v 

Supply Current 

V cc 9 to 40V, R L = °° 


10 


mA 

Input Resistance 






(Positive Input) 





k£2 

(Negative Input) 





k ft 

Input Current 






(Negative Input) 



0.5 


ma 

Output Resistance 

Open Loop 


150 


O 

Output Current 

Source 


8 


mA 


Sink 


2 


mA 

Output Voltage Swing 

Peak-to-Peak 


Vcc -2 


V 

Small Signal Bandwidth 



15 


MHz 

Power Bandwidth 

20 Vp_ p (Vcc = 24V) 


75 


kHz 

Maximum Input Voltage 

Linear Operation 




mVrms 

Supply Rejection Ratio 

f = 1 kHz 


120 


dB 

Channel Separation 

f = 1 kHz 


60 


dB 

Total Harmonic Distortion 

75 dB Gain, f = 1 kHz 


0.1 


% 

Total Equivalent Input 






Noise 

R s - 600£2, 10 - 10,000 Hz (Single Ended Input) 





LM381A 



0.5 

0.7 

/iVrms 

LM381 



0.5 

1.0 

juVrms 

Noise Figure 

50 k n, 10 - 10,000 Hz' 



1.0 


dB 


10 kH, 10- 10,000 Hz 

(Single Ended Input) 


1.3 


dB 


5 k£2, 10 - 10,000 Hz . 



1-6 


dB 
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typical performance characteristics 


Large Signal Frequency 
Response 




0 25 50 75 

TEMPERATURE ( C) 



0 5 10 15 20 25 30 35 40 

SUPPLY VOLTAGE (V) 


P-P Output Voltage Swing vs 
V CC 



o 10 20 30 40 

SUPPLY VOLTAGE (V) 


% Distortion 



FREQUENCY (Hz) 


Channel Separation 



10 100 1 kHz 10 kHz 100 kHz 1 MHz 

FREQUENCY (Hz) 


PSRR vs Frequency 




1 10 100 Ik 10k 1M 1M 10M 

FREQUENCY (Hz) 


Voltage Gain vs Supply 
Voltage 



o 40 


30 

20 

10 

10 15 20 25 30 35 40 

SUPPLY VOLTAGE (V) 



Noise Voltage vs Frequency 



100 Ik 10k 


f (Hz) 



100 Ik 10k 

f (Hz) 



-20 -10 0 10 20 30 40 50 60 70 80 
TIME Lis) 
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LM382 low noise dual preamplifier 
general description 


The LM382 is a dual preamplifier for the ampli- 
cation of low level signals in applications requir- 
ing optimum noise performance. Each of the two 
amplifiers is completely independent, with indivi- 
dual internal power supply decoupler-regulator, 
providing 120 dB supply rejection and 60 dB chan- 
nel separation. Other outstanding features include 
high gain (100 dB), large output voltage swing 
( V cc -2V) p-p, and wide power bandwidth 
(75 kHz, 20 V pi3 ). The LM382 operates from a 
single supply across the wide range of 9 to 40V. 

A resistor matrix is provided on the chip to allow 
the user to select a variety of closed loop gain 
options and frequency response characteristics 
such as flat-band, NAB or RIAA equalization. The 


circuit is supplied in the 14 lead dual-in-line 
package. 

features 

■ Low noise —0.8 jiV total equivalent input noise 

■ High gain — 100 dB open loop 

■ Single supply operation 

■ Wide supply range 9 to 40V 

■ Power supply rejection — 120 dB 

■ Large output voltage swing 

■ Wide bandwidth — 15 MHz unity gain 

■ Power bandwidth — 75 kHz, 20 V p . p 

■ Internally compensated 

■ Short circuit protected. 


schematic and connection diagrams 



Dual-In-Line Package 



Order Number LM382N 
See Package 22 


typical applications 






Cl Only 40 dB 

C2 Only 55 dB 

C1&C2 80 dB 


Tape Reamplifier (NAB Equilization) Phono Pre-Amp (RIAA Equilization) Flat Response — Fixed Gain 

Configuration 




absolute maximum ratings 


Supply Voltage 

Power Dissipation 

Operating Temperature Range 

Storage Temperature Range 

Lead Temperature (Soldering, 10 sec) 


electrical characteristics 



PARAMETER 

Voltage Gain 
Supply Current 
Input Resistance 
(Positive Input) 
(Negative Input) 

Input Current 
(Negative Input) 

Output Resistance 
Output Current 

Output Voltage Swing 
Small Signal Bandwidth 
Power Bandwidth 
Maximum Input Voltage 
Supply Rejection Ratio 
Channel Separation 
Total Harmonic Distortion 

Total Equivalent Input 
Noise 

Noise Figure 


CONDITIONS 

Open Loop (Differential Input) 
V cc 9 to 40V, R L = 00 


Open Loop 

Source 

Sink 

Peak-to-Peak , R = 10k 

20 V p . p (V cc = 24V) 

Linear Operation 
f = 1 kHz 
f = 1 kHz 

60 dB Gain, f = 1 kHz 

R s = 600^2, 100 - 10,000 Hz 
50 kft, 100- 10,000 Hz 
10 kS2, 100- 10,000 Hz 
5k£2, 100- 10,000 Hz 
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typical performance characteristics 


Large Signal Frequency 

Response Gain vs Temperature 



1kHz 10 kHz 100 kHz 1M 10M 
FREQUENCY (Hz) 



0 25 50 75 

TEMPERATURE (°C) 



0 5 10 15 20 25 30 35 40 

SUPPLY VOLTAGE (V) 



Channel Separation 



10 100 1 kHz 10 kHz 100 kHz 1 MHz 

FREQUENCY (Hz) 


PSRR vs Frequency 



FREQUENCY (Hz) 


Gain and Phase Response 



Voltage Gain vs Supply 
Voltage 



10 15 20 25 30 35 40 

SUPPLY VOLTAGE (V) 


Noise Voltage vs Frequency 



100 Ik 10k 



100 Ik 10k 


f (Hz) 


f (Hz) 


Pulse Response 



-20 -10 0 10 20 30 40 50 60 70 80 


TIME (ms) 
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LM386 low voltage audio power amplifier 
general description 


The LM386 is a power amplifier designed for use in low 
voltage consumer applications. The gain is internally 
set to 20 to keep external part count low, but the 
addition of an external resistor and capacitor between 
pins 1 and 8 will increase the gain to any value up 
to 200. 

The inputs are ground referenced while the output is 
automatically biased to one half the supply voltage. The 
quiescent power drain is only 18 milliwatts when oper* 
ating from a 6 volt supply, making the LM386 ideal 
for battery operation. 

features 

■ Battery operation 

■ Minimum external parts 

■ Wide supply voltage range 4— 12 Volts 

■ Low quiescent current drain 3 mA 


■ Voltage gains from 20 to 200 

■ Ground referenced input 

■ Self-centering output quiescent voltage 

■ Low distortion 

■ Eight pin dual-in-line package 

applications 

■ AM-FM radio amplifiers 

■ Portable tape player amplifiers 

■ Intercoms 

■ TV sound systems 

■ Line drivers 

■ Ultrasonic drivers 

■ Small servo drivers 

■ Power converters 


equivalent schematic and connection diagrams 



Dual-ln-Line Package 



Order Number LM386N 
See Package 20 


typical applications 


Amplifier with Gain = 20 
Minimum Parts 


Amplifier with Gain = 200 


I 



2 

k 

H 

3Rfi 

8 

S— l 

250nF 

-ill—. 

-T - 

LM386 . 


,C T vy !, 
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absolute maximum ratings 

Supply Voltage 

Package Dissipation 8 Pin DIP (Note 1) 

Input Voltage 

Storage Temperature 

Operating Temperature 

Junction Temperature 

Lead Temperature (Soldering, 10 seconds) 


15V 
660 mW 
±0.4V 
-65° C to +150°C 
0°C to +70°C 
+150°C 
+300° C 


electrical characteristics t a = 25°c 


PARAMETER 

CONDITIONS 

MIN 

TYP 

MAX 

UNITS 

Operating Supply Voltage (V s ) 


4 


12 

V 

Quiescent Current (l Q ) 

V s = 6V, V (N = 0 


3 

8 

mA 

Output Power (Pout) (Note 2) 

V s = 6V, R l = 812, THD = 10%, 

250 

325 


mW 


V s = 9V, R l = 1612, THD = 10% 


500 


mW 

Voltage Gain (A v ) 

V s = 6V, f = 1 kHz 


26 


dB 


IOmF from Pin 1 to 8 


46 


dB 

Bandwidth (BW) 

V s = 6V, Pins 1 and 8 Open 


300 


kHz 

Total Harmonic Distortion (THD) 

V s = 6V, R l = 812, P 0 ut = 1 25 mW 
f = 1 kHz, Pins 1 and 8 Open 


0.2 


% 

Power Supply Rejection Ratio (PSRR) 

V s = 6V, f = 1 kHz, C B ypass = 

Pins 1 and 8 Open, Referred to Output 


50 


dB 

Input Resistance (R )N ) 



50 


k!2 

Input Bias Current (I B ias) 

V s = 6V, Pins 2 and 3 Open 


250 


nA 


Note 1: For operating at elevated temperatures, the device must be derated based on a 150°C maximum junction temperature and a thermal resist- 
ance of 187°C/W junction to ambient. 

Note 2: If oscillation exists under some load conditions, add 10n and 0.05;uF series network from pin 5 to ground. 


application hints 

GAIN CONTROL 

To make the LM386 a more versatile amplifier, two pins 
(1 and 8) are provided for gain control. With pins 1 and 
8 open the 1.35 k!2 resistor sets the gain at 20 (26 dB). 
If a capacitor is put from pin 1 to 8, bypassing the 
1.35 k!2 resistor, the gain will go up to 200 (46 dB). If 
a resistor is placed in series with the capacitor, the gain 
can be set to any value from 20 to 200. Gain control can 
also be done by capacitively coupling a resistor (or FET) 
from pin 1 to ground. 


Additional external components can be placed in parallel 
with the internal feedback resistors to tailor the gain and 
frequency response for individual applications. For ex- 
ample, we can compensate poor speaker bass response 
by frequency shaping the feedback path. This is done 
with a series RC from pin 1 to 5 (paralleling the internal 
1 5 k!2 resistor). For 6 dB effective bass boost: R = 15kl2, 
the lowest value for good stable ope'ration is R = 10 k!2 
if pin 8 is open. If pins 1 and 8 are bypassed then R as 
low as 2 k!2 can be used. This restriction is because the 
amplifier is only compensated for closed-loop gains 
greater than 9. 


INPUT BIASING 

The schematic shows that both inputs are biased to 
ground with a 50 k!2 resistor. The base current of the 
input transistors is about 250 nA, so the inputs are at 
about 12.5 mV when left open. If the dc source re- 
sistance driving the LM386 is higher than 250 k!2 it will 
contribute very little additional offset (about 2.5 mV at 
the input, 50 mV at the output). If the dc source 
resistance is less than 10 k!2, then shorting the unused 
input to ground will keep the offset low (about 2.5 mV 
at the input, 50 mV at the output). For dc source 
resistances between these values we can eliminate excess 
offset by putting a resistor from the unused input to 
ground, equal in value to the dc source resistance. Of 
course all offset problems are eliminated if the input is 
capacitively coupled. 


When using the LM386 with higher gains (bypassing 
the 1 .35 k!2 resistor between pins 1 and 8) it is necessary 
to bypass the unused input, preventing degradation of 
gain and possible instabilities. This is done with a O.IjiiF 
capacitor or a short to ground depending on the dc 
source resistance on the driven input. 
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DEVICE DISSIPATION (WATTS) VOLTAGE GAIN (dB) SUPPLY CURRENT (mA) 


typical performance 

characteristics 


Quiescent Supply Current 
vs Supply Voltage 

Power Supply Rejection Ratio 
(Referred to the Output) 
vs Frequency 

Peak-to-Peak Output Voltage 
Swing vs Supply Voltage 



LM386 








typical applications (con t) 


Low Distortion Power Wienbridge Oscillator 


Amplifier with Gain = 50 


1 



? i4h 

£1.2k 
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Amplifier with Bass Boost 

V s 

? I 1 


Frequency Response with 
Bass Boost 


8 I 0.033^F_ 


20 50 100 200 500 Ik 2k 5k 10k 20k 

FREQUENCY (Hz) 


Square Wave Oscillator 






Consumer Circuits 


LM387 low noise dual preamplifier 


general description 

The LM387 is a dual preamplifier for the amplication 
of low level signals in applications requiring optimum 
noise performance. Each of the two amplifiers is com- 
pletely independent, with an internal power supply 
decoupler-regulator, providing 110 dB supply rejection 
and 60 dB channel separation. Other outstanding features 
include high gain (104 dB), large output voltage swing 
(V C c _ 2V)p-p, and wide power bandwidth (75 kHz, 
20 Vp-p). The LM387 operates from a single supply 
across the wide range of 9 to 40V. 

The amplifiers are internally compensated for. All gains 
greater than 10. The LM387 is available in an 8 lead 
dual-in-line package. 


features 

■ Low noise 0.8 juV total input noise 

■ High gain 104 dB open loop 

■ Single supply operation 

■ Wide supply range 9 to 40V 

■ Power supply rejection 1 10 dB 

■ Large output voltage swing (V cc -2V)p-p 

■ Wide bandwidth 15 MHz unity gain 

■ Power bandwidth 75 kHz, 20 Vp-p 

■ Internally compensated 

■ Short circuit protected 


schematic and connection diagrams 



TOP VIEW 

Order Number LM387N 
See Package 20 
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absolute maximum ratings 

Supply Voltage +40V 

Power Dissipation 660 mW 

Operating Temperature Range 0°C to +70°C 

Storage Temperature Range -65° C to +150°C 

Lead Temperature (Soldering, 10 seconds) 300°C 


electrical characteristics T a = 25°C, V cc = 14V, unless otherwise stated. 


PARAMETER 

CONDITIONS 

MIN 

BIH 

MAX 

UNITS 

Voltage Gain 

Open Loop 




v/v 

Supply Current 

V cc 9 to 40V, R L =°o 


10 


mA 

Input Resistance 






Positive Input 





kft 

Negative Input 





k £2 

Input Current 






Negative Input 



0.5 


juA 

Output Resistance 

Open Loop 


150 


a 

Output Current 

Source 


8 


mA 


Sink 


2 


mA 

Output Voltage Swing 

Peak-to-Peak 


Vcc-2 


V 

Small Signal Bandwidth 



15 


MHz 

Power Bandwidth 

20 Vp-p (V cc = 24V) 


75 


kHz 

Maximum Input Voltage 

Linear Operation 




mVrms 

Supply Rejection Ratio 

f = 1 kHz 


110 


dB 

Channel Separation 

f = 1 kHz 


60 


dB 

Total Harmonic Distortion 

75 dB Gain, f=1 kHz 


0.1 


% 

Total Equivalent Input 

Noise 

R s =6000, 100 - 10,000 Hz 


0.8 

1.4 

AtVrms 

Noise Figure 

50 k£2, 10 — 10,000 Hz 


1.0 


dB 


10 k n, 10 - 10,000 Hz 


1.6 


dB 


5kft, 10 - 10,000 Hz 


2.8 


dB 
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typical performance characteristics 


Large Signal Frequency 
Response 


Gain vs Temperature 


Vrc vs •cc 




ZO -10 0 10 20 30 40 50 60 70 
TIME (ks) 


LM387 






typical applications 



Two-Pole Fast Turn-On NAB Tape Preamplifier 


Typical Tape Playback Amplifier 
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LM565/LM565C phase locked loop 


general description 

The LM565and LM565C are general purpose phase 
locked loops containing a stable, highly linear volt- 
age controlled oscillator for low distortion FM 
demodulation, and a double balanced phase detec- 
tor with good carrier suppression. The VCO fre- 
quency is set with an external resistor and capa- 
citor, and a tuning range of 10:1 can be obtained 
with the same capacitor. The characteristics of the 
closed loop system— bandwidth, response speed, 
capture and pull in range-may be adjusted over a 
wide range with an external resistor and capacitor. 
The loop may be broken between the VCO and 
the phase detector for insertion of a digital fre- 
quency divider to obtain frequency multiplication. 

The LM565H is specified for operation over the 
-55°C to +125°C military temperature range. The 
LM565CH and LM565CN are specified for opera- 
tion over the 0°C to +70°C temperature range. 

features 

■ 200 ppm/°C frequency stability of the VCO 

■ Power supply range of ±5 to ±12 volts with 
100 ppm/% typical 


■ 0.2% linearity of demodulated output 

■ Linear triangle wave with in phase zero crossings 
available 

■ TTL and DTL compatible phase detector input 
and square wave output 

■ Adjustable hold in range from ±1% to > ±60%. 


applications 

■ Data and tape synchronization 

■ Modems 

■ FSK demodulation 

■ FM demodulation 

■ Frequency synthesizer 

■ Tone decoding 

■ Frequency multiplication and division 

■ SCA demodulators 

■ Telemetry receivers 

■ Signal regeneration 

■ Coherent demodulators. 


schematic and connection diagrams 



See Package 14 See Package 22 
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absolute maximum ratings 


Supply Voltage ±12V 

Power Dissipation (Note 1) 300 mW 

Differential Input Voltage ±1V 

Operating Temperature Range LM565H -55°C to +125°C 

LM565CH, LM565CN 0°C to 70°C 

Storage Temperature Range -65°C to + 150°C 

Lead Temperature (Soldering, 10 sec) 300°C 


electrical characteristics (ac Test circuit, t a = 25°c, v c = ±6V) 


PARAMETER 


Power Supply Current 
Input Impedance (Pins 2, 3) 

VCO Maximum Operating 
Frequency 

Operating Frequency 
Temperature Coefficient 

Frequency Drift with 
Supply Voltage 

Triangle Wave Output Voltage 
Triangle Wave Output Linearity 
Square Wave Output Level 
Output Impedance (Pin 4) 
Square Wave Duty Cycle 
Square Wave Rise Time 
Square Wave Fall Time 
Output Current Sink (Pin 4) 
VCO Sensitivity 

Demodulated Output Voltage 
(Pin 7) 

Total Harmonic Distortion 
Output Impedance (Pin 7) 

DC Level (Pin 7) 

Output Offset Voltage 

lv 7 - V 6 I 

Temperature Drift of IV 7 - V 6 I 
AM Rejection 

Phase Detector Sensitivity K D 


CONDITIONS 


— 4iV < V 2 , V 3 < OV 
C Q = 2.7 pF 


f c = 10 kHz 

±10% Frequency Deviation 
±10% Frequency Deviation 




Notel: The maximum junction temperature of the LM565 is 150°C, while that of the LM565C 
and LM565CN is 100°C. For operation at elevated temperatures, devices in the TO-5 package must 
be derated based on a thermal resistance of 150°C/W junction to ambient or 45°C/W junction to case. 
Thermal resistance of the dual-in-line package is 100°C/W. 








typical performance characteristics 


Power Supply Current as a 
Function of Supply Voltage 



10 12 14 16 18 20 22 24 26 

TOTAL SUPPLY VOLTAGE (V) 


Lock Range as a Function 
of Input Voltage 



1 10 100 1000 
PEAK TO PEAK INPUT VOLTAGE (mV) 


VCO Frequency 



10 100 IK 10K 100K 


FREQUENCY (Hz) 


Oscillator Output Waveforms 



0 7t/2 


3 7t/2 


VCO Frequency as a 




Loop Gain vs Load 
Resistance 



100 IK 10K 100K 

RESISTANCE BETWEEN PINS 6 AND 7 (ft) * 


Hold in Range as a Function 
of R6-7 
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RELATIVE FREE RUNNING VCO FREQUENCY 


ac test circuit 
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applications information 

In designing with phase locked loops such as the 
LM565, the important parameters of interest are: 

FREE RUNNING FREQUENCY 


0 3.7 R 0 C 0 


LOOP GAIN: relates the amount of phase change 
between the input signal and the VCO signal for a 
shift in input signal frequency (assuming the loop 
remains in lock). In servo theory, this is called 
the “velocity error coefficient”. 


Loop gain = K 0 K D (^j 


/radians/sec\ 

K 0 = oscillator sensitivity 1 J 

( volts \ 

K d = phase detector sensitivity \ ra di an / 


The loop gain of the LM565 is dependent on 
supply voltage, and may be found from: 


K 0 K d 


33.6 f Q 

V c 


f Q = VCO frequency in Hz 

V c = total supply voltage to circuit. 


Loop gain may be reduced by connecting a resistor 
between pins 6 and 7 ; this reduces the load imped- 
ance on the output amplifier and hence the loop 
gain. 

HOLD IN RANGE: the range of frequencies that 
the loop will remain in lock after initially being 
locked. 



f Q = free running frequency of VCO 
V c = total supply voltage to the circuit. 


THE LOOP FILTER 

In almost all applications, it will be desirable to 
filter the signal at the output of the phase detector 
(pin 7) this filter may take one of two forms: 



Simple Lag Filter Lag-Lead Filter 


A simple lag filter may be used for wide closed 
loop bandwidth applications such as modulation 
following where the frequency deviation of the 
carrier is fairly high (greater than 10%), or where 
wideband modulating signals must be followed. 


The natural bandwidth of the closed loop response 
may be found from: 

_ _L 

" 2 vj R,C, 

Associated with this is a damping factor: 

8 - - ! 1 

2 V R,C,K 0 K d 

For narrowband applications where a narrow noise 
bandwidth is desired, such as applications involving 
tracking a slowly varying carrier, a lead lag filter 
should be used. In general, if 1 /R t C-j < K 0 K d , 
the damping factor for the loop becomes quite 
small resulting in large overshoot and possible 
instability in the transient response of the loop. 
In this case, the natural frequency of the loop 
may be found from 

_ _i_ /W 

n 27T yj Tf + T 2 
t -\ + t 2 = (Ri + R2) Ci 

R 2 is selected to produce a desired damping factor 
6, usually between 0.5 and 1.0. The damping 
factor is found from the approximation: 



ti + t 2 (sec) 

Filter Time Constant vs Natural Frequency 



10- 4 nr 3 10 2 10- 1 

T2 

Damping Time Constant vs Natural Frequency 

Capacitor C 2 should be much smaller than C-, since 
its function is to provide filtering of carrier. In 
general C 2 < 0.1 
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LM566/LM566C 



Consumer Circuits 


LM566/LM566C voltage controlled oscillator 
general description 


The LM566/LM566C are general purpose voltage 
controlled oscillators which may be used to gener- 
ate square and triangular waves, the frequency of 
which is a very linear function of a control volt- 
age. The frequency is also a function of an external 
resistor and capacitor. 

The LM566 is specified for operation over the 
-55°C to +125°C military temperature range. The 
LM566C is specified for operation over the 0°C 
to +70°C temperature range. 

features 

■ Wide supply voltage range: 10 to 24 volts 

■ Very linear modulation characteristics 


■ High temperature stability 

■ Excellent supply voltage rejection 

■ 10 to 1 frequency range with fixed capacitor 

■ Frequency programmable by means of current, 
voltage, resistor or capacitor. 


applications 

■ FM modulation 

■ Signal generation 

■ Function generation 

■ Frequency shift keying 

■ Tone generation 


schematic and connection diagrams 



Metal Can 



TOP VIEW 

Order Number LM566H or LM566CH 
See Package 11 


Dual-1 n-Line Package 



TOP VIEW 

Order Number LM566CN 
See Package 20 


typical application 


1 kHz and 10 kHz TTL Compatible 
Voltage Controlled Oscillator 



applications information 

The LM566 may be operated from either a single supply 
as shown in this test circuit, or from a split (±) power 
supply. When operating from a split supply, the square 
wave output (pin 4) is TTL compatible (2 mA current 
sink) with the addition of a 4.7 kSH resistor from pin 3 to 
ground. 

A .001 mF capacitor is connected between pins 5 and 6 
to prevent parasitic oscillations that may occur during 
VCO switching. 

2(V + - V 5 ) 
f ° R 1 C 1 V + 
where 

2K< R-, < 20K 

and V 5 is voltage between pin 5 and pin 1 
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absolute maximum ratings 







Power Supply Voltage 



26V 




Power Dissipation (Note 1) 



300 mW 




Operating Temperature Range 

LM566 

-55 C to +125 C 




LM566C 


0 C to 70 C 




Lead Temperature (Soldering, 10 sec) 


300° C 




electrical characteristics v cc = 12 V, t a = 25°c, ac Test circuit 






LM566 


LM566C 


PARAMETER 

CONDITIONS 







UNITS 



MIN 

TYP 

MAX 

MIN 

TYP 

MAX 


Maximum Operating Frequency 

R 0 =2k 


1 



1 


MHz 


C 0 =2.7 pF 








Input Voltage Range Pin 5 


3/4 V cc 


V C c 

3/4 V cc 


V C c 


Average Temperature Coefficient 



100 



200 


ppm/°C 

of Operating Frequency 









Supply Voltage Rejection 



1 



2 


%/V 

Input Impedance Pin 5 



1 



1 


Mft 

VCO Sensitivity 

f 0 = 10kHz 


6600 



6600 


Hz/V 

FM Distortion 

±10% Deviation 


.2 

.75 


.2 

1.5 

% 

Maximum Sweep Rate 



1 



1 


MHz 

Sweep Range 



10:1 



10:1 



Output Impedance Pin 3 



50 



50 


ft 

Pin 4 



50 



50 


ft 

Square Wave Output Level 

R L1 = 10k 

5.0 

5.4 


5.0 

5.4 


V p-p 

Triangle Wave Output Level 

R L2 = 10k 

2.0 

2.4 


2.0 

2.4 


v p-p 

Square Wave Duty Cycle 


45 

50 

55 

40 

50 

60 

% 

Square Wave Rise Time 



20 



20 


ns 

Square Wave Fall Time 



50 



50 


ns 

Triangle Wave Linearity 



.2 



.5 


% 

Notel: The maximum junction temperature of the LM566 is 150°C, while that of the LM566C 


is 100°C. For operating at elevated 

junction temperatures, devices in the TO-5 package must be 


derated based on a thermal resistance of 150°C/W. The thermal resistance of the dua 

-in-line package 


is 100°C/W. 
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LM566/LM566C 


typical performance characteristics 


Operating Frequency as a 
Function of Timing Resistor 



NORMALIZED FREQUENCY 



10 15 20 

SUPPLY VOLTAGE (V) 

Frequency Stability vs Load 
Resistance (Square Wave 
Output) 



100 Ik 

r l1 pin 3 to ground (n) 


Triangle Wave Output 
Characteristics 



Ik 

R L 2 PIN 4 TO GROUND (ft) 


Operating Frequency as a 
Function of Timing Capacitor 


Normalized Frequency as a 
Function of Control Voltage 




10 2 10 3 10 4 
FREQUENCY (Hz) 


Temperature Stability 


10 5 10 6 


.5 1.0 1.5 2.0 2.5 3.0 

CONTROL VOLTAGE IV 8 - V 5 1 (V) 


VCO Waveforms 



+6 

j fc +5 
|oo. +4 
cc 

u, +12 

ls> +1 ° 
+8 

+fi 
+4 


iii £ p 

oc t - 







— 


— 




z 

s 




s; 



z 









y 







Ta 

= 2S 

°C 


JIT 






ACTES 

T CIRC 




“ 













































_ 



-75 -50 -25 0 25 50 75 100 125 

TEMPERATURE TO 


Frequency Stability vs Load 
Impedance (Triangle Output) 


Square Wave Output 
Characteristics 




Ik 10k 

Rl 2 PIN 4 TO GROUND (ft) 


Ik 10k 

R M PIN 3 TO GROUND (ft) 


ac test circuit 



5-66 



Consumer Circuits 


LM567/LM567C tone decoder 
general description 

The LM567 and LM567C are general purpose tone 
decoders designed to provide a saturated transistor 
switch to ground when an input signal is present 
within the passband. The circuit consists of an I 
and Q detector driven by a voltage controlled 
oscillator which determines the center frequency 
of the decoder. External components are used to 
independently set center frequency, bandwidth 
and output delay. 

features 

■ 20 to 1 frequency range with an external resistor 

■ Logic compatible output with 100 mA current 
sinking capability 

■ Bandwidth adjustable from 0 to 14% 


■ High rejection of out of band signals and poise 

■ Immunity to false signals 

■ Highly stable center frequency 

■ Center frequency adjustable from 0.01 Hz to 
500 kHz 

applications 

■ Touch tone decoding 

■ Precision oscillator 

■ Frequency monitoring and control 

■ Wide band FSK demodulation 

■ Ultrasonic controls 

■ Carrier current remote controls 

■ Communications paging decoders 






LM567/LM567C 


absolute maximum ratings 








Supply Voltage Pin 


10V 






Power Dissipation (Note 1) 


300 mW 






v 8 


15V 






v 3 


-10V 






V 3 


V 8 + 0.5V 






Storage Temperature Range 

-65°C to +150°C 






electrical ch ar acter istics <ac Test circuit, t a = 25°c, v c = 5v> 









LM567 


LM567C/LM567CN 


PARAMETERS 

CONDITIONS 


TYP 


MIN 

mum 


UNITS 

Power Supply Voltage Range 


4.75 

5.0 

9.0 

4.75 

5.0 

9.0 

V 

Power Supply Current 

R L = 20k 








Quiescent 



6 

8 


7 

10 

mA 

Power Supply Current 

R L = 20k 








Activated 



11 

13 


12 

15 

mA 

Input Resistance 



20 



20 


kn 

Smallest Detectable Input Voltage 

l L = 100 mA, f ; = f 0 


20 

25 


20 

25 

mVrms 

Largest No Output Input Voltage 

l c = 100 mA, f, = f 0 

■10. 

15 


10 

15 


mVrms 

Largest Simultaneous Outband Signal to Inband Signal Ratio 



6 



6 


dB 

Minimum Input Signal to Wideband Noise Ratio 

B n = 140 kHz 


-6 



-6 


dB 

Largest Detection Bandwidth 


12 

14 

16 

10 

14 

18 

% of f c 

Largest Detection Bandwidth Skew 



1 

2 


2 

3 

% of f c 

Largest Detection Bandwidth Variation with Temperature 



±0.1 



±0.1 


%/°C 

Largest Detection Bandwidth Variation with Supply Voltage 



±2 



±2 


%V 

Highest Center Frequency 


100 

500 


100 

500 


kHz 

Center Frequency Stability 

0 < T A < 70 


35 ±60 



35 ±60 


ppm/°C 


-55 < T A < +125 


35 ± 140 



35± 140. 


ppm/°C 

Center Frequency Shift with Supply Voltage 



0.5 

1.0 


0.4 

2.0 

%/V 

Fastest ON-OFF Cycling Rate 



f o /20 



f o /20 



Output Leakage Current 

V 8 = 15V 


0.01 

25 


0.01 

25 

ma 

Output Saturation Voltage 

e, = 25 mV, 


0.2 

0.4 


0.2 

0.4 

V 

' 

l 8 = 30 mA 









e, = 25 mV, 


0.6 

1.0 


0.6 

1.0 



l 8 = 100 mA 








Output Fall Time 



30 



30 


ns 

Output Rise Time 



150 



150 


ns 

Note 1: The maximum junction temperature of the LM567 is 150°C, while that of the LM567C and LM567CN is 100°C. 

For operating at elevated temperatures, devices in the TO-5 package must be derated based on a 

thermal resistance of 

150°C/W, junction to ambient or 45°C/W, junction. to case. For the DIP the device 

must be derated based on a thermal 

resistance of 187°C/W, junction to ambient. 
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typical performance characteristics 


Typical Frequency Drift with 
Temperature (Mean and S.D.) 



TEMPERATURE (°C) 


Typical Bandwidth Variation 
with Temperature 


14- 

— 

— 

— 



_ 


12 - 
















6 ■ 











4 ■ 

_ 




; 









1 

i 


~ 2 • 

BA 

NDWI 

DTH 

AT 2 

5°C 



— 


-75 -50 -25 0 25 50 75 100 125 

TEMPERATURE (°C) 


Typical Frequency Drift with 
(Mean and S.D.) Temperature 



TEMPERATURE (°C) 


Typical Frequency Drift with 
Temperature (Mean and S.D.) 


Bandwith vs Input Signal 
Amplitude 



-75 -50 -25 0 25 50 75 100 125 


TEMPERATURE (°C) 



Largest Detection Bandwidth 





\ 








Ta = 
V C c = 

1 

25°C 
= 5V 




100 Ik 10k 100k 1M 

CENTER FREQUENCY (Hz) 


Detection Bandwidth as a 
Function of C2 and C3 



0 2 4 6 8 10 12 14 16 

BANDWIDTH (%0Ff o ) 


Typical Supply Current vs 
Supply Voltage 



4 6 7 8 9 10 

SUPPLY VOLTAGE (V) 


Greatest Number of Cycles 
Before Output 



3 5 10 20 30 50 100 


BANDWIDTH (% OF f 0 ) 


Typical Output Voltage vs 
Temperature 



-75 -50 -25 0 25 50 75 100 125 

TEMPERATURE (°C) 
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LM567/LM567C 


typical applications 


Touch-Tone Decoder 


Oscillator with Quadrature Output 


-HH 


JrTi 

LMS67 
770 Hi 



or or cr 


Component values (typ) 
R1 6.8 to 15k 
R2 4.7k 
R3 20k 
Cl 0.10 mfd 
C2 1.0 mfd 6V 
C3 2.2 mfd 6V 
C4 250 mfd 6V 



Oscillator with Double Frequency Output 



juuir* 


Precision Oscillator Drive 100 mA Loads 



ji_ru 


ac test circuit 



INPUT 

f. = 100 kHz +5V 
•Note: Adjust for f 0 = 100 kHz. 


applications information 

The center frequency of the tone decoder is equal 
to the free running frequency of the VCO. This is 
given by 


fo 


1 

RiC, 


The bandwidth of the filter may be found from 
the approximation 


BW = 1070 



in % of f G 


Where: 

Vj = Input voltage (volts rms), Vj < 200 mV 
C 2 = Capacitance at Pin 2 (yuF ) 
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LM703L low power drain rf/if amplifier 


general description 

The LM703L is a monolithic RF-IF amplifier, 
having an efficient DC biasing system, reducing 
demands upon power supply and decoupling ele- 
ments. Its low internal feedback guarantees a high 
stability-limited gain. 

Applications include limiting and nonlimiting am- 
plifiers, mixers, and RF oscillators. The LM703L 
is specifically characterized for operation in con- 
sumer applications such as TV sound IF, FM-IF 


limiter amplifier, and Chroma reference oscillator 
for color TV. 

features 

■ Power Consumption 

■ Forward Transadmittance 

■ Input Conductance 

■ Output Conductance 

■ Peak-to-Peak Output Current 


96 mW (max.) 
33 mmhos 
0.35 mmhos 
0.03 mmhos 
5.0 mA 


schematic and connection diagrams 



typical applications 


100 MHz Narrow Band Amplifier 



RC Coupled Video Amplifier 


+12V 



Four Stage 10.7 MHz FM-IF Amplifier 
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LM703L 


absolute maximum ratings 


Supply Voltage 20V 

Output Collector Voltage 24V 

Voltage Between Input 

Terminals ±5.0V 

Internal Power Dissipation 200 mW 


electrical characteristics (Notei) 


Operating Temperature 

Range 0°C to 70°C 

Storage Temperature 

Range -65°Cto150°C 

Lead Temperature 

(Soldering, 10 sec) 300°C 


PARAMETER 

CONDITIONS 

MIN 

TYP 

MAX 

UNIT 

Power Consumption 

e in = 0 


71 

96 

mW 

Quiescent Output Current 

em = 0 

1.5 

2.5 


mA 

Peak-to-Peak Output Current 

e In = 400 mV rms, f = 10.7 MHz 

3.0 

5.0 



Output Saturation Voltage 





V 

Forward Transadmittance 






Reverse T ransadmittance 

e jn = 10 mV rms, f< 10.7 MHz 




mmho 

Input Conductance 

e in = < 10 mV rms, f < 10.7 MHz 


0.35 



Input Capacitance 

e ln < 10 mV rms, f < 10.7 MHz 


9.0 


pF 

Output Capacitance 

f< 10.7 MHz 


2.6 

4.0 

pF 

Output Conductance 

f< lt).7 MHz 


0.03 

0.05 

mmho 

Noise Figure 

R s = 50012, f = 10.7 MHz 


6.0 


dB 


R s = 500£2, f = 100 MHz 


8.0 


dB 

Maximum Stable Gain 

f = 100MHz 


28.0 


dB 


Note 1 : These specifications apply for = 25°C, V + = 12V unless otherwise specified. 


typical performance characteristics 


Power Consumption as a 
Function of Supply Voltage 

Output Current as a Function 
of Ambient Temperature 

Power Consumption as a 
Function of Ambient 
Temperature 

Forward Transadmittance as a 
Function of Ambient 
Temperature 
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L\1 



LM733/LM733C differential video amp 


general description 

The LM733/LM733C is a two-stage, differential 
input, differential output, wide-band video ampli- 
fier. The use of internal series-shunt feedback gives 
wide bandwidth with low phase distortion and high 
gain stability. Emitter-follower outputs provide a 
high current drive, low impedance capability. It's 
120 MHz bandwidth and selectable gains of 10, 
100, and 400, without need for frequency compen- 
sation, make it a very useful circuit for memory 
element drivers, pulse amplifiers, and wide band 
linear gain stages. 

The LM733 is specified for operation over the 
-55°C to +125°C military temperature range. The 
LM733C is specified for operation over the 0°C 
to +70°C temperature range. 


features 

■ 120 MHz bandwidth 

■ 250 kH input resistance 

■ Selectable gains of 10, 100, 400 
a No frequency compensation 

■ High common mode rejection ratio at high 
frequencies. 

applications 

■ Magnetic tape systems 

■ Disk file memories 

a Thin and thick film memories 

■ Woven and plated wire memories 
b Wide band video amplifiers. 


schematic and connection diagrams 



test circuits 


Test Circuit 1 



Test Circuit 2 



Dual-ln-Line Package 


SELECT 





Order Number LM733D or LM733CD 
See Package 1 
Order Number LM733CN 
See Package 22 


Metal Can Package 



TOP VIEW 


Order Number LM733H or LM733CH 
See Package 14 


Voltage Gain Adjust Circuit 



(Pin numbers apply to T0-5 package) 



5-73 


LM733/LM733C 




LM733/LM733C 


absolute maximum ratings 


Differential Input Voltage 

±5V 

Common Mode Input Voltage 

±6V 

Vcc 

±8V 

Output Current 

10 mA 

Power Dissipation (Note 1) 

500 mW 

Junction Temperature 

+1 50°C 

Storage Temperature Range 

-65°C to +150°C 

Operating Temperature Range LM733 

-55° C to +125°C 

LM733C 

0°C to +70° C 

Lead Temperature (Soldering, 10 sec) 

300°C 


electrical characteristics (T a = 25°C,unless otherwise specified, see test circuits, V s = ±6.0V) 


CHARACTERISTICS 

TEST 

CIRCUIT 

TEST CONDITIONS 

LM733 

LM733C 

|H9| 


E£1 


21 



Differential Voltage Gain 




■ 




■ 


Gain 1 (Note 2) 



300 

400 


250 

400 

600 


Gain 2 (Note 3) 

1 

R u = 2 kS2 V OU T = 3 V p .p 

90 

100 

110 

80 

100 

120 


Gain 3 (Note 4) 



9.0 


11 

8.0 

10 

12 


Bandwidth 










Gain 1 




40 



40 


MHz 

Gain 2 

2 



90 



90 


MHz 

Gain 3 




120 



120 


MHz 

Rise Time 










Gain 1 


V OUT = 1 Vpp 


10.5 



10.5 


ns 

Gain 2 

2 



4.5 

10 


4.5 

12 

ns 

Gain 3 




2.5 



2.5 


ns 

Propagation Delay 


VoUT = 1 Vpp 








Gain 1 




7.5 



7.5 


ns 

Gain 2 

2 



6.0 

10 


6.0 

10 

ns 

Gain 3 




3.6 



3.6 


ns 

Input Resistance 










Gain 1 




4.0 



4.0 


kft 

Gain 2 



20 

30 


10 

30 


kQ 

Gain 3 




250 



250 


ktt 

Input Capacitance 


Gain 2 


2.0 



2.0 


pF 

Input Offset Current 




0.4 

3.0 


0.4 

5.0 

juA 

Input Bias Current 




9.0 

20 


9.0 

30 

;uA 

Input Noise Voltage 


BW = 1 kHz to 10 MHz 


12 



12 


pVrms 

Input Voltage Range 

1 


±1.0 



±1.0 



V 

Common Mode Rejection Ratio 










Gain 2 

1 

Vcm = ± 1V 100 kHz 

60 

86 


- 

86 


dB 

Gain 2 


V C m = ± 1V f = 5 MHz 


60 



60 


dB 

Supply Voltage Rejection Ratio 










Gain 2 

1 

AV S = ±0.5V 

50 

70 


50 

70 


dB 

Output Offset Voltage 










Gain 1 

1 

R L = 00 


0.6 

1.5 


0.6 

1.5 

V 

Gain 2 and 3 




0.35 

1.0 


0.35 

1.5 

V 

Output Common Mode Voltage 

1 

r l = °° 

2.4 

2.9 

3.4 

2.4 

2.9 

3.4 

V 

Output Voltage Swing 

1 

R u = 2k 

3.0 

4.0 


3.0 

4.0 



Output Sink Current 



2.5 

3.6 


■a 

3.6 


mA 

Output Resistance 




20 



20 


S2 

Power Supply Current 

1 

R L = °° 


18 

24 

■ 

18 

24 

mA 
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electrical characteristics 

(The following specifications apply for -55°C < T A < 125°C for the LM733 and 0°C < T A < 70°C for the LM733C, V s = ±6.0V) 


CHARACTERISTICS 

TEST 

CIRCUIT 

TEST CONDITIONS 

! LM733 ] 

LM733C | 

UNITS 

MIN 

TYP 

MAX 

MIN 

TYP 

MAX 

Differential Voltage Gain 










Gain 1 



200 


600 

250 


600 


Gain 2 

1 

R u = 2kft, Vqut = 3 V p .p 

80 


120 

80 


120 


Gain 3 



8.0 


12.0 

8.0 


12.0 


Input Resistance Gain 2 



8 



8 



kft 

Input Offset Current 





5 



6 

ma 

Input Bias Current 





40 



40 

AA 

Input Voltage Range 

1 


±1 



±1 



V 

Common Mode Rejection Ratio 










Gain 2 

1 

V C m = ± 1V, f^ 100 kHz 

50 



50 



dB 

Supply Voltage Rejection Ratio 










Gain 2 

1 

AV S = ±0.5V 

50 



50 



dB 

Output Offset Voltage 










Gain 1 

1 

R L =oo 



1.5 



1.5 

V 

Gain 2 and 3 





1.2 



1.5 

V 

Output Voltage Swing 

1 

R L = 2k 

2.5 



2.8 



Vp P 

Output Sink Current 



2.2 



2.5 



mA 

Power Supply Current 

1 

r l = ~ 



27 



27 

mA 


Note 1: The maximum junction temperature of the LM733 is 150°C, while that of the LM733C is 100°C. For operation 
at elevated temperatures devices in the TO-IOO package must be derated based on a thermal resistance of 150°C/W junction 
to ambient or 45°C/W junction to case. Thermal resistance of the dual-in-line package is 100°C/W. 

Note 2: Pins G1A and GIB connected together. 

Note 3: Pins G2A and G2B connected together. 

Note 4: Gain select pins open. 

typical performance characteristics 


Pulse Response 



-15 -10 -5 0 5 10 15 20 25 30 35 


TIME (ns) 


Pulse Response vs 
Temperature 



-15-10 -5 0 5 10 15 20 25 30 35 


TIME (ns) 


Pulse Response vs 
Supply Voltage 



-15 -10 -5 0 5 10 15 20 25 30 35 


TIME (ns) 



0 1 2 3 4 5 6 7 8 9 10 

FREQUENCY (MHz) 


Phase Shift vs Frequency 



Differential Overdrive 
Recovery Time 



0 20 40 60 80 100 120 140160180 200 
DIFFERENTIAL INPUT VOLTAGE (mV) 
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LM733/LM733C 


typical performance characteristics (con't) 



1 5 10 50 100 500 1000 

FREQUENCY (MHz) 


Gain vs Frequency 
Temperature 



1 5 10 50 100 500 1000 

FREQUENCY (MHz) 


Gain vs Frequency vs 
Supply Voltage 



1 5 10 50 100 500 1000 


FREQUENCY (MHz) 



10 100 Ik 10k 

Radj 


Voltage Gain vs Temperature 



-60 -20 20 60 100 140 

TEMPERATURE (°C) 


Voltage Gain vs 
Supply Voltage 



3 4 5 6 7 8 


SUPPLY VOLTAGE (±V) 


Output Voltage Swing vs 
Frequency 



1 5 10 50 100 5001000 

FREQUENCY (MHz) 


Supply Current, Output Voltage 
and Current Swing vs Supply 
Voltage 



3.0 4.0 5.0 6.0 7.0 8.0 


SUPPLY VOLTAGE (V) 


Output Voltage Swing vs 



10 50 100 200 500 Ik 5k 10k 

LOAD RESISTANCE (ft) 


Common Mode Rejection 



10k 100k 1M 10M 100M 

FREQUENCY (Hz) 


Input Noise Voltage vs 
Source Resistance 



1 10 100 Ik 10k 

SOURCE RESISTANCE (S2) 


Supply Current and Input 
Resistance vs Temperature 



70 

60 

50 

40 

30 

20 

10 

0 


-60 -20 20 60 100 140 


TEMPERATURE (°C) 
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Consumer Circuits 


LM746 color television chroma demodulator 


general description 

The LM746 is a monolithic silicon integrated 
circuit which demodulates the chroma subcarrier 
information contained in a color television video 
signal and provides color-difference signals at the 
outputs 

The low DC voltage drift of the outputs insures 
excellent performance in direct-coupled chrom- 
inance output circuitry. 

schematic and block diagrams 



Pin numbers shown for Dual-ln-Line Package. 


features 

■ Low output voltage drift with temperature 

■ Doubly balanced demodulation 

■ Internal color-difference matrix for NTSC color 
television 

■ 10V peak-to-peak E B - E Y output 


Dual-ln-Line Package 



Order Number LM746N or LM746N-01 
See Packages 22 and 24 


typical application 


test circuit 1 


Til l lTil 1 ir. f l i 


L L l« L I, 


LM746 




LM746 


absolute maximum ratings 


Power Dissipation 
T A = 70°C or less 
T A = 70°C or more 

Operating Temperature 


450 mW 
Derate Linearly 
8.2 mW/°C 
0°C to +70°C 


Storage Temperature 
Supply Voltage 
Reference Input Volt (p-p) 
Chroma Input Voltage (p-p) 


-65 C to +150 C 
+30V 
5V 
5V 


electrical characteristics (t a = 25°o (v cc = 24V) (r l = 3.3K 


PARAMETER 

SYMBOL 

TEST 

CKT 

CONDITIONS 

MIN 

TYP 

MAX 

UNITS 

STATIC | 

Supply Current 

■s 

1 

e c = 0 R l = 1M 

5.5 

9.0 

12.5 

mA 

Supply Current 

•s 

1 

e c = 0 R u = 1M T A = 70° C 


9.0 

13.0 

mA 

Supply Current 

Is 

1 

e c = 0 R L = 3.3 k 

16.5 

22 

25.5 

mA 

Supply Current 

■s 

1 

e c = 0 R L = 3.3k T A = 70° C 


22 


mA 

Power Dissipation 

Pd 

1 

e c = 0 


340 

430 

mW 

Power Dissipation 

Pd 

1 

e c = 0 T A = 70°C 


340 

445 

mW 

DC Output Volts 

V9, VII, V13 

1 

ec = 0 R[_ = 3.3k 

13.2 

14.5 

15.8 

V 

DC Output Volts 

V9, VII, V13 

1 

e c = 0 T A = 70°C R L = 3.3k 

13.0 

14.5 

16.0 

V 

Absolute Value of DC Difference 

1 AV 0 1 


e c = 0 R L = 3.3k 


.15 

.6 

V 

Voltage Between any 2 Output 








Terminals 








Temperature Coefficient 



e c = 0 

-5.0 

-.3 

+5 0 

mV/°C 


Chroma Input Voltage Sensitivity 

e c 

1 

E B -E Y = 5V pi) 


.4 

.7 

^p-p 

E R - E Y Output Voltage 

VII 

1 

E B - E Y = 5 V p .p 

3.5 

3.8 

4.2 


E g - E y Output Voltage 

V9 

1 

E B - E Y = 5 V pv 

.75 

1.0 

1.25 

Vp.p 

Maximum E B - E Y Output 

Voltage 

V13 

1 

e c =1-5 V p „ 

8.0 

10.0 


Vp-p 

E B -E y Demod Angle Relative 
to E r -E y 

E R 0 

1 

B b -E y -5V pp 

101 

106 

111 

degrees 

E b -E y Demod Angle Relative 
to E g -E y 

E g 0 

1 

E B - Ey = 5 V pfl 

-96 

-104 

-112 

degrees 

AC U nbalance @ Any Output 
Terminal 


1 

e G = 0 


.1 

.8 

Vp-p 
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Consumer Circuits 


LM1303 stereo preamplifier 


general description 

The LM1303 consists of two identical operational 
amplifiers constructed on a single silicon chip. 
Intended for amplification of low-level stereo 
signals, the LM1303 features low input noise volt- 
age, high open-loop voltage gain, large output 
voltage swing and short circuit protection. 


features 

■ Large Output Voltage Swing 4.0V rms min 

■ High Open-Loop Voltage Gain 6,000 min 

■ Channel Separation 60 dB min at 10 kHz 


schematic and connection diagrams 



typical application and characteristic 


Magnetic Phono Playback Preamplifier/R IAA Equalized 



phono input (input shorted) 



10 100 1.0k 10k 100k 

f, FREQUENCY (Hz) 


FIGURE 1 
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LM1303 



jf absolute maximum ratings 

S Supply Voltage ±15V 

Power Dissipation (Note 1) 415 mW 

Operating Temperature Range 0 to 75°C 

Storage Temperature Range -65°C to 150°C 

Lead Temperature (Soldering, 10 sec) 300°C 

electrical characteristics (Note 2) 


PARAMETER 

MIN 

TYP 

MAX 

UNITS 

Input Offset Voltage 


1.5 

10 

mV 

Input Offset Current 


0.2 

0.4 

pA 

Input Bias Current 


1.0 

10 

JuA 

Supply Current Both 

Amplifiers V OUT = OV 



15 

mA 

Large Signal Voltage Gain 

6,000 

10,000 


V/V 

Channel Separation 
f = 10 kHz 

60 

70 


dB 

Output Voltage Swing 

R u = 10kf2 

4.0 

5.5 


Vrms 


Notel: The maximum junction temperature of the LM1303 is 100°C. For operating at elevated temperatures, devices 
must be derated based on a thermal resistance of 150°C/W, junction to ambient. 

Note 2: These specifications apply for Vg = ±13V and T/\ - 25°C, unless otherwise specified. 

typical application and characteristic 

Tape Head Playback Preamplifier/NAB Equalization 


C = 1500 pF for 3 3/4 in/s 
C= 910 pF for 7 1/2 in/s 1 

Voltage Gain = 35 dB at 1.0k Hz 
Output Voltage Swing = 5.0 Vrms 


rosin 

1 

7- 

fK 


"F 




j 


I 


10 100 1.0k 10k 

f, FREQUENCY (Hz) 


typical performance characteristics 


Input Noise Voltage 
vs Frequency 



10 100 Ik 10k 100k 

FREQUENCY (Hz) 


Input Noise Current 
vs Frequency 



10 100 Ik 10k 100k 

FREQUENCY (Hz) 


5-80 







Consumer Circuits 


LY 



LM1304/LM1305/LM1307/LM1307E 
FM multiplex stereo demodulator 


general description 

The LM 1304, LM1305, LM 1307 and LM1307E are 
designed to derive the left and right channel audio 
information from the detected composite stereo 
signal. The LM1304 eliminates the need for an 
external stereo-channel separation control. The 
LM1305 is similar to the LM1304 but permits the 
use of an external stereo-channel separation control 
for maximum separation. The LM1307 is also 
similar to the LM1304 but does not have the audio 
mute control, or the stereo/mono switch. The 
LM1307E is similar to the LM1307 but has the 


option of emitter-follower output drivers for buf- 
fers or high current applications. 

features 

■ Operation over a wide power supply range 

■ Built in stereo-indicator lamp driver — 

100 mA typical 

■ Automatic switching between stereo and 
monaural 

■ Audio mute control 


circuit schematics 




Order Number LM1304N 
or LM1305N or LM1307N 
or LM1307EN 
See Package 22 


Order Number LM1304N-01 
or LM1305N-01 or LM1307N-01 
or LM1307EN-01 
See Package 24 
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LM1304/LM1305/LM1307/LM1307E 





LM1304/LM1305/LM1307/LM1307E 


absolute maximum ratings 

Power Supply Voltage +22V 

Lamp Driver Current 120 mA 

Power Dissipation 625 mW 

Derate Above T A = +25°C 5.0 mW/°C 

Operating Temperature Range (Ambient) 0°C to +75°C 

Storage Temperature Range -65°C to +150°C 

Output Current (LM1307E) 25 mA 

Lead Temperature (Soldering, 10 sec) 300°C 

electrical characteristics (V cc = 12V, T a = 25°C, 75 /is de-emphasis unless otherwise noted) 

PARAMETER 

CONDITIONS 

MIN 

TYP 

MAX 


Input Impedance 

f = 1 kHz 

12 

20 


kft 

Stereo Channel Separation (Note 1 ) 

f = 100 Hz 


35 


dB 

(Note 3) 

f = 1 kHz 

30 

45 


dB 


f = 10kHz 


30 


dB 

Channel Balance 

Monaural Input = 200 mV 


0.2 

1.0 

dB 

Total Harmonic Distortion (Note 1) 

flVIOD = 1 k c 


0.5 

1.0 

% 

Ultrasonic Frequency Rejection 

19kHz 


30 


dB 

(Note 2) 

38 kHz 

20 

25 


dB 

Inherent SCA Rejection 

60 kHz, 67 kHz, 74 kHz 


50 


dB 

(Without De-Emphasis) 






Lamp Indicator 

R a = 180ft 






Min 19 kHz Input Level for Lamp On 


16 

25 

mVrms 


Max 19 kHz Input Level for Lamp Off 

5.0 

14 


mVrms 

Power Dissipation 

Without Lamp 


150 

300 

mW 

Audio Muting (LM 1304/5 Only) 







Mute On (Pin 5 Voltage) 

0.6 

.8 

1.0 

V 


Mute Off (Pin 5 Voltage) 

1.3 

1.6 

2.0 

V 


Attenuation in Mute Mode 


55 


dB 

Stereo-Monaural Switching 

Stereo (Pin 4 Voltage) 

1.3 

1.6 

2.0 

V 

(LM 1304/5 Only) 

Monaural (Pin 5 Voltage) 

0.6 

.8 

1.0 

V 

Note 1: Measurement made with standard multiplex composite signal. L=1,R=0orL = 0, 

R = 1; 



composite signal defined as 564 mV peak to peak (100 mVrms as read on Ballantine 31 0-A voltmeter) 



with a 20 mVrms 19 kHz pilot carrier. 






[ Note 2: Referenced to 1 kHz output signal with signal per Note 1. 





1 Note 3: Stereo channel separation is adjusted for maximum separation in the LM1305 with a resistor 



from Pin 9 to GND. 






(R a = 180ft, All voltages measured with respect to GND) 





(V C c = 12V, 2.7 kft in series w/Pin 8) 





Pins 12 3 

4 5 6 7 8 9 

10 11 

12 

13 14 


LM 1 304 12 2.3 3.0 1.9 1.9 0.8 0 4.6 12 3.9 9.7 

9.7 

3.9 1.9 


LM 1 305 12 2.3 3.0 1.9 1.9 0.8 0 12 0.36 3.9 9.7 

9.7 

3.9 1.9 


LM 1 307 12 2.3 3.0 - - 0.8 0 - 12 3.9 9.7 

9.7 

3.9 1.9 


LM1307E 12 2.3 3.0 - .8 12 0 9.7 9.0 9.0 9.7 

3.9 

3.9 1.9 
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LM1304/LM1305/LM1307/LM1307E 


circuit schematics (con't) 



typical performance characteristics 


Channel Separation vs Vqq 


Channel Separation vs 
Composite Input Level 



8 9 10 11 12 13 14 

V cc (V) 



3 CO 500 700 900 

COMPOSITE INPUT (mVrms) 


Total Harmonic Distortion vs 
Composite Input Level 


Multiplex Sensitivity vs 
19 kHz Gain Adjustment 



200 400 600 800 1000 

COMPOSITE INPUT LEVEL (mVrms) 



100 150 200 250 

R a , 19 kHz GAIN ADJUSTMENT (ft) 
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circuit configurations 



LI, L2: 333 turns, Q y = 55 8.0 mH nominal Miller No. 1361 or equivalent. 
L3: 420 turns No. 38 AVVG, tap at 42 turns, Q y = 55 8.0 mH nominal, 
Miller No. 1362 or equivalent. 

*R A = 18012 nominal, adjusted for lamp sensitivity to 19 kHz pilot. 


LM1304 Typical Circuit Configuration 


LI, L2: 333 turns, Q u = 55 8.0 mH nominal. Miller No. 1361 or equivalent 
L3: 420 turns. No. 38 AWG, tap at 42 turns, Qu = 55 8.0 mH nominal, 
Miller No. 1362 or equivalent. 

*R A = 1800 nominal, adjusted for lamp sensitivity to 19 kHz pilot. 

“Rsep = 3100 nominal, adjusted for maximum channel separation. 


LM1305 Typical Circuit Configuration 


LI, L2: 333 turns, Qu = 55 8.0 mH nominal Miller No. 1361 or equivalent. 
L3: 420 turns No. 38 AWG, tap at 42 turns, Qu = 55 8.0 mH nominal. 

Miller No. 1362 or equivalent. 

*R a = 1800 nominal, adjusted for lamp sensitivity to 19 kHz pilot. 


LM1307 Typical Circuit Configuration 


LM1304/LM1305/LM1307/LM1307E 






LM1304/LM1305/LM1307/LM1307E 





Consumer Circuits 


LM1310 phase locked loop FM stereo demodulator 


general description 

The LM1310 is an integrated FM stereo demodu- 
lator using phase locked loop techniques to regen- 
erate the 38 kHz subcarrier. A second version 
also available is the LM1800 (see separate data 
sheet) which adds superb power supply rejection 
and buffered (emitter follower) outputs to the 
basic phase locked decoder circuit. The features 
available in these integrated circuits make possible 
a system delivering high fidelity sound within the 
cost restraints of inexpensive stereo receivers. 


features 

■ Automatic stereo/monaural switching 

■ No coils, all tuning performed with single 
potentiometer 

■ Wide supply operating voltage range 

■ Excellent channel separation 


connection diagram 


typical application 


DuaMn-Line Package 


PHASE 

DETEC- THRESH- THRESH- 

VCO LOOP LOOP TOR PILOT OLD OLD 



OUTPUT & & 

DEEM- DEEM- 
PHASIS PHASIS 

TOP VIEW 

Order Number LM1310N 
See Package 22 



typical performance characteristics 


Channel Separation 

60 

3 55 

jz 50 

CC 

2 45 

40 
z 
< 

5 35 

30 

0.3 1.0 3.0 10 30 




i) vc6<s> 

19000 ±10 Hz 



2) PIN 6 OPEN 

3) 800 mVp.p 

Cj =10/J 

d 

COM 

POSITE 



:=::=:S ^ 


/0A1 




/ 

Cl = 

INPUT CO 
CAPACITI 

UPLING 

DR 


AUDIO FREQUENCY (Hz X 100) 


Stereo/Monaural Switch Point Adjustment 
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LM1310 



LM1310 



absolute maximum ratings 

Supply Voltage 18V Operating Supply Voltage Range +10Vto+18V 

Power Dissipation (Note 3) 575 mW Storage Temperature Range -55°C to +150°C 

Operating Temperature Range 0°Cto+70°C Lead Temperature (Soldering, 10 seconds) 300°C 


electrical characteristics (Notei) 



Supply Current 

Lamp "off" 


18 

30 

mA 

Lamp Driver Saturation 

100 mA Lamp Current 


1.3 

1.8 

V 

Lamp Driver Leakage 



1.0 


nA 

Pilot Level for Lamp "on" 

Pin 1 1 Adjusted to 19.00 kHz 


16 

23 

mVrms 

Pilot Level for Lamp "off" 

Pin 1 1 Adjusted to 19.00 kHz 

3.0 

8.0 


mVrms 

Stereo Lamp Hysteresis 


3.0 

6.0 


dB 

Stereo Channel Separation 

100 Hz (Note 2) 


40 


dB 


1000 Hz (Note 2) 

30 

45 


dB 


10000 Hz (Note 2) 


45 


dB 

Monaural Channel Unbalance 

200 mVrms, 1000 Hz Input 


0.3 

1.5 

dB 

Monaural Voltage Gain 

200 mVrms, 1000 Hz Input 

90 

130 

190 

mVrms 

Total Harmonic Distortion (Mono) 

500 mVrms, 1000 Hz Input 


0.2 

1.0 

% 

Total Harmonic Distortion (Stereo) 

1000 Hz (Note 2) 


0.2 


% 

Capture Range 

25 mVrms of Pilot 


±3.0 


% of f Q 

Ultrasonic Freq. Rejection 

Combined 19 and 38 kHz, 

Ref. to Outputs 


33 


dB 

Dynamic Input Resistance 


20 

45 


kft 

SCA Rejection 

200 mVrms Composite at 67 kHz 


50 


dB 


Note 1: T/\ = 25° C and V + = 12V unless otherwise specified. 

Note 2: The stereo input signal is made by summing 123 mVrms LEFT or RIGHT modulated signal with 25 mVrms of 19 kHz 
pilot tone, measuring all voltages with an average responding meter calibrated in rms. The resulting waveform is about 
800 mVp-p. 

Note 3: The maximum junction temperature is +125°C and the package should be derated at +175°C/W junction to ambient. 
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Consumer Circuits 


KIS 

LM1351 FM detector, limiter and audio amplifier 


general description 

The LM1351 is a monolithic integrated circuit 
FM detector, limiter and audio amplifier that re- 
quires a minimum of external components for 
operation. It includes three stages of IF limiting 
and a balanced product detector. The audio ampli- 
fier is capable of driving a single external transistor 
class A-audio output stage. 


features 

■ A direct replacement for MCI 351 

■ Simple detector alignment: one coil or ceramic 
filter. 

■ Sensitivity: 3 dB limiting voltage 80/iV typ. 

■ Low harmonic distortion 

■ High IF voltage gain 

■ High audio preamplifier open loop gain 
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LM1351 





absolute maximum ratings 


Supply Voltage 
Input Signal Voltage (Pin 4) 
Power Dissipation 
T a = 25°C or less 
T A = 25°C or more 


850 mW 

Derate Linearly 6.67 mW/°C 


electrical characteristics 


Operating Temperature Range 

Storage Temperature Range 

Lead Temperature (Soldering, 10 sec) 


(T a = 25 C, V cc = 12V, unless otherwise noted) 


0 C to 75 C 
-65°C to +150°C 
300° C 


STATIC CHARACTERISTICS 


Supply Current 
Power Dissipation 
Nominal Zener Voltage 


DYNAMIC CHARACTERISTICS f 0 = 4.5 MHz, AF = ±25 kHz, unless otherwise noted 


Amplifier Voltage Gain 
Audio Preamplifier 
Open Loop Gain 
Input Limiting Threshold 
Recovered Audio Output 
Recovered Audio Output 















Consumer Circuits 


LM1596/LM1496 balanced modulator-demodulator 


general description 


features 


The LM1596/LM1496 are double balanced modu- 
lator-demodulators which produce an output 
voltage proportional to the product of an input 
(signal) voltage and a switching (carrier) signal. 
Typical applications include suppressed carrier 
modulation, amplitude modulation, synchronous 
detection, FM or PM detection, broadband fre- 
quency doubling and chopping. 

The LM1596 is specified for operation over the 
-55°C to +125°C military temperature range. The 
LM1496 is specified for operation over the 0°C 
to +70°C temperature range. 


■ Excellent carrier suppression 

65 dB typical at 0.5 MHz 
50 dB typical at 10 MHz 

■ Adjustable gain and signal handling 


Fully balanced inputs and outputs 


Low offset and drift 


Wide frequency response up to 100 MHz 


schematic and connection diagrams 


Metal Can Package 



Numbers in parentheses show DIP connections. 


typical application and test circuit 



Note: Pin 10 is connected electrically to the 
case through the device substrate. 

Order Number LM1496H or LM1596H 
See Package 11 

Dual-In-Line Package 



Order Number LM1496N 
See Package 22 



Numbers in parentheses show DIP connections. 


Note: S t is closed for "adjusted" measurements. 


Suppressed Carrier Modulator 
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LM1596/LM1496 




LM1596/LM1496 


absolute maximum ratings 








Internal Power Dissipation (Note 1) 500 mW 








Applied Voltage (Note 2) 

30V 








Differential Input Signal (V 7 - Vs) ±5.0V 

Differential Input Signal (V 4 - Vi) ±(5+l 5 R e ) V 








Input Signal (V 2 - Vi, V 3 - V 4 ) 

5.0V 








Bias Current (I 5 ) 

12 mA 








Operating Temperature Range LM1596 -55°C to +125°C 








LM1496 0°C to +70° C 








Storage Temperature Range 

- t 65°C to +150°C 








Lead Temperature (Soldering, 10 sec) 300°C 








electrical characteristics (T a = 25°C, unless otherwise specified, see test circuit) 



PARAMETER 

CONDITIONS 

LM1596 

LM1496 

UNITS 




mm 



Carrier Feedthrough 

Vc = 60 mVrms sine wave 


40 . 



40 




fc = 1-0 kHz, offset adjusted 

Vc = 60 mVrms sine wave 


140 



140 


1 


fc = 10 MHz, offset adjusted 

Vc = 300 mVpp square wave 


0.04 

0.2 


0.04 

0.2 

(§ . 1 


fc = 1.0 kHz, offset adjusted 

Vc = 300 mVpp square wave 


20 

100 


20 

150 

mVrms 


fc = 1.0 kHz, offset not adjusted 








Carrier Suppression 

fg = 10 kHz, 300 mVrms 

50 

65 


50 

65 


dB 


fc = 500 kHz, 60 mVrms sine wave 
offset adjusted 









f s = 10 kHz, 300 mVrms 
fc = 10 MHz, 60 mVrms sine wave 
offset adjusted 


50 



50 


dB 

Transadmittance Bandwidth 

R|_ = 50J2 


300 



300 


MHz 


Carrier Input Port, Vc = 60 mVrms sine wave 
fs = 1.0 kHz, 300 mVrms sine wave 









Signal Input Port, V 8 = 300 mVrms sine wave 


80 



80 


MHz 


V 7 - V 8 = 0.5Vdc 








Voltage Gain, Signal Channel 

V 8 = 100 mVrms, f = 1.0 kHz 

2.5 

3.5 


2.5 

3.5 


V/V 


V 7 - V 8 = 0.5Vdc 








Input Resistance, Signal Port 

f = 5.0 MHz 

V 7 - V 8 = 0.5 Vdc 


200 



200 


kft 

Input Capacitance, Signal Port 

f = 5.0 MHz 

V 7 - V 8 = 0.5 Vdc 


2.0 



2.0 


pF 

Single Ended Output Resistance 

f = 10MHz 


40 



40 


kfi 

Single Ended Output 

f= 10MHz 


5.0 



5.0 


pF 

Capacitance 









Input Bias Current 

0 i + I 4 )/2 


12 

25 


12 

30 

MA 

Input Bias Current 

|l 7 + l 8 )/2 


12 

25 


12 

30 

ma 

Input Offset Current 

di-U) 


0.7 

5.0 


0.7 

5.0 

ma 

Input Offset Current 

d 7 - is) 


0.7 

5.0 


5.0 

5.0 

MA 

Average Temperature 

(-55°C<T a <+125°C) 


2.0 





nA/°C 

Coefficient of Input 

Offset Current 

(0°C < T A < +70°C 





2.0 


nA/°C 

Output Offset Current 

de - 19 ) 


14 

50 


14 

60 

ma 

Average Temperature 

(-55°C < T A < +125°C) 


90 





nA/°C 

Coefficient of Output 

Offset Current 

(0°C < T a < +70° C) 





90 


nA/°C 

Signal Port Common Mode 

f s = 1.0 kHz 


5.0 



5.0 


Vp^ 

Input Voltage Range 








Signal Port Common Mode 

V 7 - V 8 = 0.5 Vdc 


-85 



-85 


dB 

Rejection Ratio 









Common Mode Quiescent 



8.0 



8.0 


Vdc 

Output Voltage 

Differential Output Swing 



8.0 



8.0 


Vp^ 

Capability 








Positive Supply Current 

de + ' 9 ) 


2.0 

3.0 


2.0 

3.0 

mA 

Negative Supply Current 

dio) 


3.0 j 

4.0 


3.0 

4.0 

mA 

Power Dissipation 



33 



33 


mW 

Note 1: LM1596 rating applies to case temperatures to +125°C; derate linearly at 6.5 mW/°C for 



ambient temperature above 75°C. LM1496 rating applies to case temperatures to +70°C. 





Note 2: Voltage applied between pins 6-7, 8-1, 9-7, 9-8, 7-4, 7-1, 8-4, 

6-8, 2-5, 3-5. 
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OUTPUT AMPLITUDE OF EACH SIDEBAND (Vrms) CARRIER SUPPRESSION IdB) 


typical performance characteristics 


Carrier Suppression vs 
Carrier Input Level 



100 200 300 400 5Q0 

CARRIER INPUT LEVEL (mVrms) 


Carrier Suppression vs 
Frequency 










— 










■ 

II 

■i 

B 

■II 

Sill 

IIS 

an 

■IF 


- 1 



nl 

mmm 

■I 

II 

III 

mm 

■1 

II 

■Pi 

\mt\\ 

LL 


!!SSSl 

ill 

■II 


0.05 0.1 0.5 1.0 5.0 10 

CARRIER FREQUENCY (MHz) 


Carrier Feedthrough vs 
Frequency 



I 0.5 1.0 5.0 10 

CARRIER FREQUENCY (MHz) 


Sideband Output vs 
Carrier Levels 


Sideband and Signal Port 
Transadmittances vs 
Frequency 



S 

I 


SB 





400 mV 

— ' 



300 mV 




200 mV 




100 mV 






50 100 150 

CARRIER LEVEL (mVrms) 


Signal-Port Frequency 
Response 


S -10 l-Ru = S00SZ R, * 1.0 k! 


-20 F V 7 -V, = 0.5VdcT 


r 

-30 1 i i ii i i i il L 

0.01 0.1 1.C 


uni 

fiiiii 

— 

mi 


IkNvlIl 


\m 




. 





I 






1 




CARRIER FREQUENCY (MHz) 


FREQUENCY (MHz) 


typical applications (con't) 


[ "7 ”T 

C 6 ,K Numbers in parentheses show DIP connections. 


SSB Product Detector 


This figure shows the LM1596 used as a single sideband (SSB) suppressed carrier demodulator (product detector). The 
carrier signal is applied to the carrier input port with sufficient amplitude for switching operation. A carrier input level 
of 300 mVrms is optimum. The composite SSB signal is applied to the signal input port with an amplitude of 5.0 to 
500 mVrms. All output signal components except the desired demodulated audio are filtered out, so that an offset 
adjustment is not required. This circuit may also be used as an AM detector by applying composite and carrier signals 
in the same manner as described for product detector operation. 
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LM1596/LM1496 


typical applications (con't) 



Broadband Frequency Doubler 


The frequency doubler circuit shown will double low-level signals with low distortion. The value of C should be chosen 
for low reactance at the operating frequency. 

Signal level at the carrier input must be less than 25 mV peak to maintain operation in the linear region of the switching 
differential amplifier. Levels to 50 mV peak may be used with some distortion of the output waveform. If a larger input 
signal is available a resistive divider may be used at the carrier input, with full signal applied to the signal input. 
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LM1800 phase locked loop FM stereo demodulator 


general description 

The LM1800 is a second generation integrated 
FM stereo demodulator using phase locked loop 
techniques to regenerate the 38 kHz subcarrier. 
The numerous features integrated on the die make 
possible a system delivering high fidelity sound 
while still meeting the cost requirements of inex- 
pensive stereo receivers. More information available 
in AN-81. 


features 

■ Automatic stereo/monaural switching 

■ 45 dB power supply rejection 

■ No coils, all tuning performed with single 
potentiometer 

■ Wide operating supply voltage range 

■ Excellent channel separation 

■ Emitter follower output buffers 


connection diagram 


typical application 


PHASE 



INPUT AMP LOAD OUTPUT OUTPUT LOAD DRIVER 
OUTPUT & 8, 

DEEMPHASIS OEEMPHASIS 


V C c 

9 



12 3 4 5 6 7 8 



OUTPUT OUTPUT 


TOP VIEW 

Order Number LM1800N 
See Package 23 


typical performance characteristics 


Supply Ripple Rejection 



0.2 0.6 1.0 1.2 1.4 


Supply Ripple Rejection 



1.0 3.0 10 30 100 


Channel Separation 



RIPPLE LEVEL (V RMS) 


RIPPLE FREQUENCY (Hz X 100) 


AUDIO FREQUENCY (Hz X 100) 
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LM1800 


absolute maximum ratings 





Supply Voltage 

18V 





Power Dissipation (Note 3) 

575 mW 





Operating Temperature Range 

0°C to +70°C 





Operating Supply Voltage Range 

+10V to +18V 





Storage Temperature Range 

— 55°C to +1 50° C 





Lead Temperature (Soldering, 10 seconds) 300°C 





electrical characteristics (Notei) 





PARAMETER 

CONDITIONS 

MIN 

TYP 

MAX 

UNITS 

Supply Current 

Lamp "off" 


21 

30 

mA 

Lamp Driver Saturation 

100 mA Lamp Current 


1.3 

1.8 

V 

Lamp Driver Leakage 



1.0 


nA 

Pilot Level for Lamp "on" 

Pin 11 Adjusted to 19.00 kHz 


16 

23 

mVrms 

Pilot Level for Lamp "off" 

Pin 11 Adjusted to 19.00 kHz 

3.0 

8.0 


mVrms 

Stereo Lamp Hysteresis 


3.0 

6.0 


dB 

Stereo Channel Separation 

100 Hz (Note 2) 


40 


dB 


1000 Hz (Note 2) 

30 

45 


dB 


10000 Hz (Note 2) 


45 


dB 

Monaural Channel Unbalance 

200 mVrms, 1000 Hz Input 


0.3 

1.5 

dB 

Monaural Voltage Gain 

200 mVrms, 400 Hz Input 

140 

200 

260 

mVrms 

Total Harmonic Distortion 

500 mVrms, 1000 Hz Input 


0.5 

1.0 

% 

Capture Range 

25 mVrms of Pilot 

±2.0 


±6.0 

% of f Q 

Supply Ripple Rejection 

600 mVrms of 200 Hz Ripple 

35 

45 


dB 

Dynamic Input Resistance 


20 

45 


k£2 

Dynamic Output Resistance 


900 

1300 

2000 

£2 

SCA Rejection 

200 mVrms composite at 67 kHz 


50 


dB 

Ultrasonic Freq. Rejection 

Combined 19 and 38 kHz, Ref. to Output 


33 


dB 

Note 1: T/\ = 25°C and V + = 12V unless otherwise specified. 





Note 2: The stereo input signal is made by summing 123 mVrms LEFT or RIGHT modulated signal with 25 mVrms of 19 kHz 

pilot tone, measuring all voltages with an average responding meter calibrated in rms. The resulting waveform is about 

800 mVp-p. 






Note 3: The maximum junction temperature is +125°C and the package should be derated at +175°C/W junction to ambient. 
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LM1808 monolithic TV sound system 


general description 

The LM1808 2 watt sound IF circuit is designed for 
television and related applications. The circuit is com- 
prised of two independent functions: a sound IF and an 
audio power amplifier. The sound IF portion of the 
circuit utilizes circuitry similar to the LM3065. An 
improved volume control circuit is included, however, 
so that recovered audio is a linear function of the 
resistance of the control potentiometer. Audio power 
amplification is accomplished with circuitry similar to 
the popular LM380 audio power amplifier, featuring 
both short circuit and thermal protection. 


features 

■ Two watt minimum undistorted output 

■ Linear volume control 75 dB range 

■ Fixed voltage gain in audio amplifier 

■ Short circuit and thermal protection 

■ Standard dual-in-line package 


schematic diagram (For power amplifier section of schematic see page 3) 



t 2.2k > 2.8k 





: 1.5k < 4.7k < 1.5k 


IF and Detector 
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LM1808 


absolute maximum ratings 

Supply Voltage V cc (Pin 2) 

Input Current l MAX (Pin 6) 

Input Signal Voltage (Between Pins 12 and 13) 

Storage Temperature Range 

Operating Temperature Range 

Maximum Junction Temperature 

Lead Temperature (Soldering, 10 seconds) 


electrical characteristics +24V Supply (See Test Circuit) 


PARAMETER 

CONDITIONS 

MIN 

TYP 

MAX 

UNITS 

Zener Regulating Voltage (Pin 6) 


10.5 

11.5 

12.5 

V 

Thermal Resistance (Junction to Case) 



17 


°c/w 

Output Swing (Pin 1) 



19 


Vp-p 

Feedthrough Signal (Pin 1) 

R Pin 7 = OH 



15 

mVrms 

Current into Pin 6 

V Pin 6= 10V 

7 

10.8 

15 

mA 

AM Rejection 

V )N = 1.0 to 100 mVrms, 

Af = 25 kHz, AM = 30% 

40 



dB 

Recovered Audio (Pin 8) 


350 

500 


mVrms 

Input Limiting Voltage at 4.5 MHz 



200 

400 

MV 

Audio Power Amp Voltage Gain 
(Pin 16 to Pin 1) 


40 


60 

V/V 

Output Noise, Input Signal Removed (Pin 1) 

R Pin 7=10 kn 


70 

150 

mVrms 

Distortion (Pin 8) 

AF = 25 kHz, f Q =4.5 MHz 


1.2 

2 

% 

Distortion 

Po = 2W 


1.2 

2 

% 

Input Impedance (Pin 16) 


50 

200 


kn 

Current into Pin 2 (Zero Audio Output at 

Pin 1) 

V 2 = 24V 

2 

5 

20 

mA 


typical performance characteristics 

- 0-6 

| 

2 05 
C3 
< 

j 0.4 

0 
> 

= 0.3 

1 0.2 
o 
& 

E 01 

a 

0 1 2 3 4 5 6 7 8 0 10 

VOLUME CONTROL SETTING (k OHMS) 


Volume Control Characteristic 



26V 
50 mA 
3 Vp-p 
-65°Cto+150°C 
0°C to +70° C 
150°C 
300°C 
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LM1808 


connection diagram 


Dual-In-Line Package 


HEAT POWER POWER 

IF OET VOLUME IF S1NK RIPPLE AMP AMP 

OUT OUT CONTROL V cc , BYPASS V cc OUT 



DETECTOR IF REF IF ' * ' POWER * 

INPUT GND BYPASS IN HEAT AMP POWER GND 

SINK INPUT 


TOP VIEW 

Order Number LM1808N 
See Package 29 
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Kti 


LM1820 AM radio system 
general description 

The LM1820 is a monolithic integrated circuit 
AM radio system. It includes two amplifiers a 
mixer-oscillator; an AGC detector and a zener 
regulator. 

features 

■ Overvoltage protection 


■ Separately accessible amplifiers 


Regulated supply 


■ AGC for RF stage 
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absolute maximum ratings 


Supply Voltage 

Current into Supply Terminal (Pin 3) 
Power Dissipation 

T a = 25°C or Less 
T a = 25°C or More 
Operating Temperature Range 
Storage Temperature Range 
Lead Temperature (Soldering, 10 sec) 


850 mW 

Derate Linearly 6.67 mW/°C 
-25°C to +85°C 
-65°C to +1 50° C 
300°C 


electrical characteristics cr A = 25°c, v + = 12V, Figure i) 


PARAMETER 

STATIC CHARACTERISTICS 

Supply Current (I) 

Zener Regulator (V 3 ) 

Local Oscillator Current (l 2 ) 

IF Current (l 6 ) 

RF Current (l 13 ) 

Mixer Current (l 14 ) 

DYNAMIC CHARACTERISTICS 
RF Transconductance (i 1 3 /e-! 2 ) 

RF Input Resistance ( R 1 2 ) 

IF Transconductance (i e /e 7 ) 

IF Input Resistance (R 7 ) 

Mixer Transconductance (i 14 /e-, ) 
Mixer Input Resistance (R^ 
Oscillator Voltage (e 2 ) 


CONDITIONS 


l 2 + l 3 = 1 5 mA 
12 + 13 = 15 mA 
l 2 + l 3 = 15 mA 
U + lo = 1 5 mA 


f 12 = 1 MHz, e 12 = 100/uV, e 5 = 0 
SI in Pos 1 

f 12 = 1 MHz, SI in Pos 2 
f 7 = 260 kHz, e 7 = 1 mVrms 
f 7 = 260 kHz 

f! = 1 MHz, e-j = 1 mVrms 
f! = 1 MHz 


test circuit 



•47*iF 





330fl 





Al , if ~ 

\( 5 

IMK20 

ii 


JK a 6 

— if — 1 



_ 

IOOmF 


i 
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LM1829 TV chroma processor 
general description 

The LM1829 is a monolithic integrated circuit which 
provides complete color TV chroma signal processing 
except for tint control and chroma demodulation. Sub- 
carrier regeneration is performed by a phase locked loop 
utilizing sample-and-hold techniques. A crystal con- 
trolled voltage controlled oscillator (VCO) provides 
stable output with only an initial trimmer capacitor 
adjustment. 

The chroma section uses a synchronous chroma burst 
level detector in an automatic chrominance control 
(ACC) loop with color killer. The burst signal is gated 
out of the chroma signal and the chroma output is then 
determined by a manual dc saturation control. In addi- 
tion, an overload detector corrects for variations in 
burst-to-chrominance ratio. 


The LM1829 may be used with the LM3067 chroma 
demodulator for a complete color processing system. 

features 

■ Phase-locked loop subcarrier regenerator 

■ Automatic chrominance control (ACC) with color 
killer 

■ Supplementary ACC with overload detector 

■ Burst-cancelled chroma output 

■ Linear dc saturation control 

■ Internal zener-regulated reference potentials 


block diagram 


BYPASS 
0.01/jF I 



I CRYSTAL | \ 

I FILTER 10 pF 


w T * 


r 

SIGNAL 
SAMPLE 
& HOLD 


L 

BIAS 
SAMPLE 
& HOLD 


I INTERN. I ^1 

REF. I W \ 



BALANCE- 

UNBALANCE 

TRANSLATOR 


O.OIjjF L SUPPLY 

> , 0k VOLTAGE 
< Q V + = 30V 


n CHROMA 
_ OUTPUT 
SWOPEN 
V 0 = 2.7V 


= ACC 0. 

I FILTER I 
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LM1829 


absolute maximum ratings (t a = 25°) 

DC Supply Voltage between Terminals 5 and 12* 12V 

Device Dissipation: 

Up to T a = 70°C 600 mW 

Above T A = 70°C derate linearly at 7.5 mW/°C 

Operating Ambient Temperature Range -40°C to +80°C 

Storage Ambient Temperature Range -65°C to +1 50°C 

Lead Temperature (Soldering, 10 seconds) +265°C 

At distance not less than 1/32" (0.79 mm) from case 

*This rating does not apply when using the internal zener reference in con- 
junction with an external pass transistor. 

dc electrical characteristics 

(T a = 25°C) Test Circuit No. 1, S 1t S 2 normally OFF. 

PARAMETER 

CONDITIONS 

MIN 

TYP 

MAX 

UNITS 

Supply Current (l 12 ) 


15 

25 

35 

mA 

Zener Reference (V 14 ) 


11.0 

11.7 

12.7 

V 

t Chroma Input (V-j) 


1.3 

2.0 

2.7 

V 

AFPC Filter (V 2 ) 

St ON 

7.0 

7.8 

8.6 

V 

AFPC Filter (V 3 ) 

St OFF 

6.9 

7.8 

8.7 

V 

Pin 2-3 Offset (V 2 -V 3 ) 

V 2 , V 3 measured as above 

-100 


+ 100 

mV 

RF Bypass (V 4 ) 


6.0 

7.5 

9.0 

V 

VCO Loop (V 6 ) 

S 2 ON 

7.0 

8.1 

9.2 

V 

VCO Loop (V 7 ) 


1.3 

2.0 

2.7 

V 

Subcarrier Output (V 8 ) 


6.0 

7.5 

9.0 

V 

ACC Filter (V 10 ) 

St OFF 

7.0 

7.8 

8.6 

V 

ACC Filter (V n ) 

St ON 

6.8 

7.8 

8.8 

V 

Pin 10-11 Offset (V 10 -V n ) 

V 10 , Vn measured as above 

-200 


+200 

mV 

Overload Detector ( V 1 3 ) 


0.3 

0.5 

0.6 

V 

Chroma Output (V 15 ) 

S 3 ON 

4.5 

6.0 

8.5 

V 

ac electrical characteristics 





Test Circuit No. 2, S-j normally OFF. 






PARAMETER 

CONDITIONS 

MIN 



UNITS 

Subcarrier Output (V 8 ) 

f= 3.579545 MHz 

0.5 

1.0 

1.6 

Vp-p 

Pull-In Range 


±250 



•Hz 

100% Chroma Output (V 15 ) 

V, = 0.5 Vp-p 

1.6 

Di 

3.9 

Vp-p 

Overload Detector (V 15 ) 

St ON 

375 


575 

mVp-p 

Killer Threshold (V^ 

Vis< 20 mVp-p 

10 

HU 

60 

mVp-p 
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connection diagram 


Dual-ln-Line Package 


OVER 

CHROMA ZENER LOAD 

GAIN CHROMA REFER- DETEC- 

CONTROL OUTPUT ENCE TOR V cc 


KEY 

A cc FILTER PULSE 
* , INPUT 



CHROMA 

INPUT 


AFPC FILTER 


RF GNO 
BYPASS 


CRYSTAL 

FILTER 


'SUBCARRIER 

OUTPUT 


ac test circuits 


TOP VIEW 

Order Number LM1829N 
See Package 23 





Test Circuit No. 2 
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LM1845 signal processing* system 
general description 

The LM1845 is a signal processing system for television 
receivers which performs the functions of AGC and 
sync separation. It provides both positive and negative 
going sync signals and includes an internal AGC amp- 
lifier with noise cancelling. AGC outputs are available 
for both IF and tuner. 

features 

■ Video internally delayed for total noise inversion 


Consumer Circuits 


Low impedance noise cancelled positive and negative 
going sync outputs 

No noise threshold or AGC detector level adjustment 

Low impedance video output for driving luminance 
channel or a video output stage 

Two delayed tuner AGC outputs; one for an NPN 
bipolar tuner and one for a FET, tube, or PNP 


schematic diagram 



Order Number LM1845N 
See Package 23 

typical circuit configuration 


Order Number LM1845N-01 
See Package 25 
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absolute maximum ratings 

Supply Voltage 

Power Dissipation (Note 2) 

Operating Temperature Range 

Storage Temperature Range 

Lead Temperature (Soldering, 10 seconds) 


30V 
625 mW 
0°C to 70°C 
-55°C to +150°C 
300°C 


electrical characteristics (Note i) 


PARAMETERS 

CONDITIONS 

MIN 

TYP 

MAX 

UNITS 

AGC Threshold 


4.65 


5.3 

V 

Threshold Separation 



1.7 


V 

Negative Sync Output (Low) 

l P4 = lOO.pA 



2.5 

V 

Negative Sync Output (High) 

> 

o 

n 

O. 

> 

23.9 



V 

Positive Sync Output (Low) 

< 

T3 

II 

o 

< 



0.1 

V 

Positive Sync Output (High) 

1 P4 — 1 00 /U A 

20.5 



V 

AGC Filter Discharge Current 



1.70 


mA 

AGC Filter Charge Current 



20 


mA 

Reverse Tuner AGC Maximum Current 



3.2 


mA 

Forward Tuner AGC Maximum Current 



9.8 


mA 

Supply Current 

1 Kohm between P6 and P7 


10 


mA 


Note 1 : T = 25° C and V cc = 24V. 

Note 2: The maximum junction temperature of the LM1845 is 125°C. For operating at elevated temperatures the derating factor is 
175° C/W junction to ambient. 
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LM2111 FM detector and limiter 
general description 

The LM2111 is a monolithic integrated circuit 
FM detector and limiter that requires a minimum 
of external components for operation. It includes 
three stages of IF limiting and a balanced product 
detector. 

features 

■ A direct replacement for ULN2111A and 
MC1357 


■ Simple detector alignment: one coil or ceramic 
filter 

■ Sensitivity: 3 dB limiting voltage 300 /uV typ. 

■ Low harmonic distortion 

■ High IF voltage gain 


schematic diagram 



Order Number LM2111N 
See Package 22 


Order Number LM211 IN-01 
See Package 24 


block diagram 
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absolute maximum ratings 


Supply Voltage 
Input Signal Voltage (Pin 4) 
Power Dissipation 
T A = 25°C or less 
T A = 25°C or more 


15V 
3.5 V 


850 mW 

Derate Linearly 6.67 mW/°C 


Operating Temperature Range 

Storage Temperature Range 

Lead Temperature (Soldering, 10 sec) 


0 C to +85 C 
-65°C to +150°C 
300° C 


electrical characteristics (t a = 25 °c,v C c=i 2 v) 


PARAMETER 

SYMBOL 

TEST 

CIRCUIT 

CONDITIONS 

LIMITS 

UNITS 

MIN 

TYP 

MAX 

STATIC CHARACTERISTICS | 

Supply Current 

• 13 



12 

17 

22 

mA 

Amplifier Input Reference 

V 6 




1.45 


V 

Detector Input Reference 

v 2 




3.65 


V 

Amplifier High Output Level 

V 10 



1.25 

1.45 

1.65 

V 

Amplifier Low Output Level 

V 9 



0.125 

0.145 

0.20 

V 

Detector Output Level 

Vi 



4.3 

5.0 

5.7 

V 

De-emphasis Resistance 

R d 



7.2 

8.8 

10.8 

kS2 




50£2 


Amplifier Voltage Gain 

A IF 

■ 

V| N <. 0.3 mVrms 

55 

58 


dB 

Amplifier Output Voltage 

ViO(IF) 

H HE 

V IN = 10 mV 

1.25 

1.45 


Vp-p 

Input Limiting Threshold 

V|N(LIM) 


FM = 400 Hz 


400 

800 

/iVrms 

Recovered Audio Output 

V o(af) 

2 

V, N = 60 mV, FM = 400 Hz 

0.5 

0.6 


Vrms 

Output Distortion 

T"hd 

2 

100% FM Modulation 


1.5 


% 

AM Suppression 

AMR 

2 

AM: 1 kHz @30%, V, N = 10 mV 

40 

46 


dB 

DYNAMIC CHARACTERISTICS 

f 0 = 10.7 MHz, AF = ±75 kHz, Peak Separation = 1 MHz, Source Resistance = 

= 50f2 


Amplifier Voltage Gain 

a if 

1 

V iN 0.3 mVrms 


53 


dB 

Amplifier Output Voltage 

ViO(IF) 

1 

V IN = 10 mV 


1.45 


Vpp 

Input Limiting Threshold 

Vin(lim) 

2 

FM = 400 Hz 


300 


/iVrms 

Recovered Audio Output 

V 0(af) 

2 

V, N = 60 mV, FM = 400 Hz 


0.3 


Vrms 

Output Distortion 

Thd 

2 

100% FM Modulation 


0.3 


% 

AM Suppression 

AMR 

2 

AM: 1 kHz @30%. V, N = 10 mV 


40 


dB 


test circuit 
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LM2113 


Consumer Circuits 


■ Simple detector alignment: one coil or ceramic 
filter 

■ Sensitivity: 3 dB limiting voltage 300 juV typ. 

■ Low harmonic distortion 

■ High IF voltage gain 

■ Nominal 8V supply 


schematic diagram 



Order Number LM2113N Order Number LM2113N-01 

See Package 22 See Package 24 


block diagram 



LM2113 FM detector and limiter 
general description 

The LM2113 is a monolithic integrated circuit 
FM detector and limiter that requires a minimum 
of external components for operation. It includes 
three stages of IF limiting and a balanced product 
detector. 

features 

■ A direct replacement for ULN 21 13A 
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absolute maximum ratings 


Supply Voltage 
Input Signal Voltage (Pin 4) 
Power Dissipation 
T A = 25°C or less 
T a = 25°C or more 


850 mW 

Derate Linearly 6.67 mW/°C 


electrical characteristics <t a = 25 o < 


Operating Temperature Range 

Storage Temperature Range 

Lead Temperature (Soldering, 10 sec) 


0 C to +85 C 
-65°C to +150°C 
300°C 


PARAMETER 

SYMB0L CIRCUIT 

CONDITIONS 

MIN 


MAX 

UNITS 

| STATIC CHARACTERISTICS | 

Supply Current 

*13 


11 

16 

22 

mA 

Amplifier Input Reference 

v 6 



1.45 


V 

Detector Input Reference 

V 2 



3.65 


V 

Amplifier High Output Level 

Vio 


1.25 

1.45 

1.65 

V 

Amplifier Low Output Level 

v 9 


0.125 

0.145 

0.20 

V 

Detector Output Level 

Vi 


3.0 

3.8 

4.5 

V 

De-emphasis Resistance 

Rd 


7.2 

8.8 

10.8 

k il 


DYNAMIC CHARACTERISTICS f 0 = 4.5 MH, Af = ±25 kHz, Peak Separation = 150 kHz, Source Resistance = 50f2 


Amplifier Voltage Gain 
Amplifier Output Voltage 
Input Limiting Threshold 
Recovered Audio Output 
Output Distortion 
AM Suppression 

DYNAMIC CHARACTERISTICS f 0 = 

Amplifier Voltage Gain 
Amplifier Output Voltage 
Input Limiting Threshold 
Recovered Audio Output 
Output Distortion 
AM Suppression 


A,p 1 V IN <; 0.3 mVrms 58 

/io(.F> 1 V )N = 10 mV 1.45 

/ in(lim) 2 FM = 400 Hz 300 

/ 0( af) 2 V IN = 60 mV. FM = 400 Hz 0.5 

r HD 2 100% FM Modulation 1.5 

\MR 2 AM: 1 kHz @ 30%, V IN = 10 mV 46 

10.7 MHz, Af = ±75 kHz, Peak Separation = 550 kHz, Source Resistance = 50f2 


V, N < 0.3 mVrms 


53 


V IN = 10 mV 


1.45 


FM = 400 Hz 

230 

300 

500 

V, N = 60 mV, FM = 400 Hz 

0.3 

0.4 

0.5 

100% FM Modulation 


1.0 


AM: 1 kHz @ 30%, V IN = 10 mV 


40 



test circuits 

pP./tc 

■m 



TEST CIRCUIT 1 


TEST CIRCUIT 2 
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LM3011 wide band amplifier 
general description 

The LM3011 is a monolithic wide band amplifier 
circuit that requires a minimum of external 
components for operation. It includes three stages 
of limiting. 


features 

■ A direct replacement for CA301 1 

■ High amplifier gain 

■ Excellent limiting characteristics 

■ Wide frequency capability 


schematic diagram 



block diagram 


connection diagram 
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absolute maximum ratings 


Supply Voltage 
Input Signal (Pin 1 ) 
Power Dissipation 


Operating Temperature Range 

Storage Temperature Range 

Lead Temperature (Soldering, 10 sec) 


-55 C to +125 C 
-€5°C to +150°C 
300° C 


electrical characteristics rr A = 25°c) 


STATIC CHARACTERISTICS 

Total Device Dissipation (P T ) 
Total Device Dissipation (P T ) 


V C c = 6V (Figure 1) 
V cc = 7.5V (Figure 1) 


DYNAMIC CHARACTERISTICS V rc = 7.5V, F = 4.5 MHz, unless otherwise noted 


Voltage Gain (A) 

V cc = 6V, f = 1 MHz (Figure 2) 

Voltage Gain (A) 

V cc = 7.5V, f = 1 MHz (Figure 2) 

Voltage Gain (A) 

V cc = 7.5V, f = 10.7 MHz (Figure 2) 

Parallel Input Resistance ( R , N ) 


Parallel Input Capacitance (C| N ) 


Parallel Output Resistance (R OUT ) 


Parallel Output Capacitance (C 0 ut) 


Noise Figure (NF) 


Input Limiting Voltage (V| N(Um) ) 

(-3dB) (Figure 2) 


test circuits 


RF V.T.V.M. 
(B00NT0N 
TYPE 91D 
OR EQUIVALENT) 



T T w T 

FIGURE 1 

FIGURE 2 
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LM3028A/LM3028B/LM3053 differential rf/if amplifier 


general description 

The LM3028A/LM3028B/LM3053 is a monolithic 
RF/IF amplifier intended for emitter-coupled (dif- 
ferential) or cascode amplifier operation from DC 
to 120 MHz in industrial and communications 
equipment. The LM3028A/LM3028B and LM3053 
are plug-in replacements for the CA3028A/ 
CA3028B and CA3053 respectively. The LM3028B 
is similar to the LM3028A but has premium per- 
formance with tighter limits in offset voltage and 
current, bias current and voltage gain. The LM3053 
is similar to the LM3028A/LM3028B but is rec- 
ommended for IF amplifier operation with less 
critical DC parameters. 

features 

■ Controlled for input offset voltage, input offset 
current, and input bias current 

■ Balanced differential amplifier configuration 
with controlled constant-current source to pro- 
vide unexcelled versatility 


■ Single- and dual-ended operation 

■ Operation from DC to 120 MHz* 

■ Balanced-AGC capability* 

■ Wide operating-current range. 

*Does not apply to the LM3053. 

applications 

■ RF and IF linear amplifiers, both differential 
and cascode 

■ Mixers 

■ Oscillators 

■ Converters in commercial FM 

■ DC, audio and sense amplifiers 

■ Limiting IF amplifiers 

■ Hybrid building block 

■ Emitter coupled switches 


schematic and connection diagrams Metal Can Package 



typical applications 




A Balanced Differential Amplifier with a Controlled 
Constant-Current-Source Drive and AGC Capability 


♦Vec 



A Cascode Amplifier with a Constant-Impedance 
AGC Capability 



Order Number LM3028AH or 
LM3028BH or LM3053H 
See Package 11 
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absolute maximum ratings 


Supply Operating Voltage 
Differential Input Voltage 
Voltage Between 1 & 8 
Voltage Between 5 & 6 
Voltage Between 2 & 3 
Voltage Between 2 & 4 


LM3028A/ 

LM3028B 

±15V 
±5V 
OV to +20V 
OV to +20V 
+5V to -11V 
+5V to -IV 


±12V 
±5V 
OV to +15V 
OV to +15V 
+5V to -11V 
+5V to -IV 


Storage Temperature 
Operating Temperature 
Power Dissipation @ 25°C 
Derate 5 mW/°C Above 85° C 
Soldering Temperature (10 seconds) 
Lead Temperature (Soldering, 10 sec) 


-65 Cto 200 C 
-55°C to 125°C 
450 mW 


dc electrical characteristics 


Output Quiescent 
Operating Curre 



Maximum Peak to Peak 
Output Voltage at 1 kHz 


Peak to Peak Output 
Current V| N = 400 
at 10.7 MHz 


LM3028A/LM3028B/LM3053 









Test Circuit A: VOS LM3028A & LM3028B 


Test Circuit B: Iqs* I BIAS' P D' Iq & 1 7 for 
LM3028A & LM3028B 



Test Circuit C: IqIAS' 
P D , Iq for LM3053 



Test Circuit D: IaGC vs 
Vagc anc * *7 f° r 
LM3028A & LM3028B 



C4 36 pF 


Test Circuit E: Cascode Ap 8t NF 10.7 MHz 8t 100 MHz 



100 MHz 

.2— .5 pH 
.2— .5 pH 
2.5-1 1 pF 

2.5-11 pF 



Test Circuit F: Differential Ap, NF and AGC Range, 10.7 MHz 8t 100 MHz 


Test Circuit G: P 0 (Untuned) for 
LM3028A & LM3028B 



Test Circuit H: Cascode A v and Transfer Function, 
10.7 MHz 


Test Circuit I : Differential Mode A v and Transfer 
Function, 10.7 MHz 



test circuits (con't) 



Test Circuit J: A v , V OUT , MAX. p/p B.W. for LM3028B 


Test Circuit K: CMRR and Vqm Range for LM3028B 
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Consumer Circuits 


LM3064 television automatic fine tuning 
general description features 


The LM3064 is a monolithic integrated circuit 
designed primarily for AFT (automatic fine tuning) 
applications. It includes a zener regulated power 
supply, IF amp, differential peak detector, and 
an AGC circuit. 

The LM3064 is supplied in both the formed and 
straight lead TO-5and 14 lead dual-in-line package. 


Primarily intended for AFT applications 
High gain input amp (18 mV for rated output) 
Differential output correction voltage 
Wide operating temperature -40°C to +85° C 
Formed leads available for easy PC board design 


schematic and connection diagrams 


Metal Can Package 



test circuits 



Order Number LM3064H 
See Package 14 


Dual-In-Line Package 




Order Number LM3064N, N-01 
See Package 22 & 24 


DC parameter test circuit tests: 
•Total device dissipation. 

*Zener regulating voltage. 
*Quie$cent operating current. 
•Quiescent current into pin 2. 


Test Circuit 1 

Correction Voltage Test Circuit 


Test Circuit 2 
DC Parameter Test Circuit 
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absolute maximum ratings 

Power Dissipation 

T a = 25° C or Less 700 mW 

T A = 25°C or More Derate Linearly 5.6 mW/°C for TO-5 

Derate Linearly 10 mW/°C for DIP 

Operating Temperature Range 
Storage Temperature Range 
Power Supply Current 

-40° C to +85°C 
-65°C to +150°C 

50 mA 

electrical characteristics (t a = 25°o 



TEST 


limits 

PARAMETER SYMBOL CIRCUIT 

CONDITIONS 

MIN 

P MAX UNITS 

STATIC 1 


Device Dissipation 

Pt 

Current Drain 

It 

Zener Regulating Voltage 

V, 0 

Quiescent Current 


into Pin 2 

•2 

Quiescent Voltage 


at Pin 4 

V 4 

Quiescent Voltage 

V,- 

at Pin 5 

v 5 

Output Offset Voltage 
between Pins 4 & 5 

V 4 -V 5 




correction control voltage 



INPUT FREQUENCY DEVIATION (MHz) 


coil winding data 

COIL DATA FOR DISCRIMINATOR WINDINGS 
Li - Discriminator Primary: 3-1/6 turns; No. 20 
Enamel-covered wire-close-wound, at bottom of 
coil form. Inductance of L 1 = 0.165 /iH; Q 0 = 120 
at f 0 = 45.75 MHz. 

Start winding at Terminal No. 6 ; finish at Ter- 
minal No. 1. See Notes below. 

L 2 - Tertiary Windings: 2-1/6 turns; No. 20 
Enamel-covered wire— close- wound over bottom 
end of Li. Start winding at Terminal No. 3; finish 
at Terminal No. 4. See Notes below. 

L 3 — Discriminator Secondary: 3-1/2 turns; 
center-tapped, space wound at bottom of coil form. 
Inductance of L 3 = 0.180 pH; Q 0 = 150 at f Q = 
45.75 MHz. 

Start winding at Terminal No. 2; finish at Ter- 
minal No. 5, connect center tap to Terminal No. 7. 
See Notes . 



-2.0 -1.0 45.750 1.0 2.0 


INPUT FREQUENCY DEVIATION (MHz) 


Note 1 : Coil Forms; Cylindrical; —0.30” dia. max. 
Note 2: Tuning Core: 0.250” dia. x 0.37” length. 
Material: Carbinal J or equivalent. 

Note 3: Coil Form Base: See drawing below. 


Note 4: End of coil nearest terminal board to be 
designated the winding start end. 
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LM3065 



Consumer Circuits 


LM3065 television sound system 
general description 

The LM3065 is a monolithic integrated circuit 
television sound system that requires a minimum 
of external components for operation. It includes 
three stages of IF limiting, an FM detector, an 
electronic attenuator or volume control, an audio 
amplifier-driver, and a temperature stable regu- 
lated power supply. Volume control is accom- 
plished by varying bias levels of the electronic 
attenuator with a potentiometer between pin 6 
and ground. Because no audio signal is present in 
this control, hum and noise pickup are easily fil- 
tered. Unshielded wire may be used for volume 
control. Features include: 

■ Electronic attenuator: replaces conventional ac 
volume control 


■ Volume reduction range: >60 dB 

■ Sensitivity: 3 dB limiting voltage-200 juV typi- 
cally 

■ High stability 

■ Low harmonic distortion 

■ Audio drive capability: 6 mA p-p 

■ Undistorted audio output voltage: 7V p-p 

■ Differential peak detector 

■ Simple detector alignment: one coil 

■ Internal zener diode regulator 

■ Excellent AM rejection— 50 dB typ. @ 4.5 MHz 


schematic and connection diagrams 



Dual-ln-Line Package 



Order Number LM3065N 
See Package 22 

Order Number LM3065N-01 
See Package 24 


block diagram 
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absolute maximum ratings 

Input Signal Voltage (Between Pin 1 and 2) ±3V 

Power Supply Current (Pin 5) 75 mA 


electrical characteristics 


Power Dissipation 
T a = 25°C or less 
T a = 25°C or more 
Operating Temperature Range 
Storage Temperature Range 


850 mW 

Derate Linearly 6.67 mW/°C 
-40°C to +85°C 
-65°C to +150°C 


Lead Temperature (Soldering, 10 seconds) 


Static Characteristics 

Zener Regulating Voltage 
Ouiescent Supply Current 
Voltage @ Pm 12 
Current into Terminal 5 
Dynamic Characteristics 
IF Amplifier/Detector 
Input Limiting Voltage 
(-3 dB point) 
Recovered Audio 


Total Harmonic 
Distortion 
Attenuator 

Volume Reduction Range 


Audio Driver 
Voltage Gain 

Total Harmonic Distortion 
Undistorted Output Voltage 


V 1N (lim) 1 

V 0 (af) 1 


fo = 4.5 MHz 

fm: 400 Hz @±25 kHz 

fo = 4.5 MHz, V| N = 100 mV 

fm: 400 Hz @±25 kHz 

fo = 4.5 MHz, 

fm: 400 Hz @±25 kHz 

AM: 1 kHz @30% 

fo = 4.5 MHz, V| N = 100 mV 
fm: 400 Hz @±25 kHz 

fo = 4.5 MHz 

fm: 400 Hz @±25 kHz 

R a = 0 for max volume; 

R A = °° for minimum volume 


V, N = 100 mV @ 400 cps 
V D = 2V rms @ 400 cps 
THD = 5% @ 400 cps 


test circuits 



-3 dB limiting voltage 
AM rejection 
Volume control range 
Play though voltage 



Tests: Audio driver voltage gain 
Audio driver THD 
Undistorted output 


TEST CIRCUIT 1 


TEST CIRCUIT 2 
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Consumer Circuits 


LM3067 chroma demodulator 
general description 

The LM3067 is a monolithic integrated circuit 
designed primarily for color signal demodulation 
in color television receivers. A DC tint control 
is also included. The reference subcarrier and 
chroma signals are applied and the three de- 
modulated R-V, G-Y, B-Y color difference 
signals are delivered with close DC balance and 
proper amplitude ratios. The tint control achieves 
a 100°+ phase adjustment by means of a customer- 
operated DC control. A limiting amplifier and phase 
shift network provide constant amplitude carriers 
phase shifted 76° which then feed demodulator 
drive amplifiers. The demodulators consist of two 
sets of balanced detectors which receive the 
reference subcarrier and chroma signal. The chroma 
signal is then demodulated, matrixed, and DC 
shifted in voltage. The LM3067 and LM3066 


Chroma Signal Processor constitute a complete 
chroma system for color television receivers. 

features 

■ Balanced chroma demodulators 

■ DC tint control 

■ Color difference matrix 

■ Low output impedance drivers for direct 
coupling 

■ Reference subcarrier limiter 

■ Zener regulated voltage reference 

■ Internal RF filtering of demodulation com- 
ponents 


schematic diagram 



Order Number LM3067N Order Number LM3067N-01 

See Package 23 See Package 25 
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absolute maximum ratings 

Power Dissipation 

T a = 70°C or less 600 mW 

Above 70°C derate linearly 7.7 mW/°C 

Ambient Temperature Range 

Operating -40 to +85°C 

Storage -65 to +150°C 

Power Supply Voltage (Pin 13) +12V 

Power Supply Current (Pin 13) 50 mA 

electrical characteristics (T A = 25°cand v + = n.2V) 

PARAMETERS 

CHARACTERISTICS 

LIMITS 

UNITS 

MIN 

TYP, 

MAX 

Static Characteristics (Test Circuit 1) 



1 

■ 


Voltage Inputs 






Tint Control Input (V 2 ) 

l 2 = 0.25 mA 



1 


Reference Subcarrier (V 3 ) 



2.1 

II 


Zener Regulator Ref. (V 4 ) 


10.6 

11.9 

1 

V 

B-Y, R-Y Oscillator Ref. Inputs (V 6 ,V 12 ) 



5.7 

II 


Balance (B-Y, R-Y) (V 7 ,V n ) 



5.0 

HH 


B-Y, G-Y, R-Y Outputs (V 8£M0 ) 


4.2 

5.0 

1 


Difference Outputs (Note 1), (AV 8 ,AV 9 ,AV 10 ) 


-0.3 


0.3 


Chroma Inputs (Vi 4 ,V 15 ) 



3.0 



Tint Amplifier Balance ( V 16 ) 



4.7 



Input Currents 






Tint Amplifier Output (min.) (I^min.)) 

V n6 = 8V 

0.16 

0.37 


mA 

Total Supply (1, + l 13 ) 


15 

24 

33 


Dynamic Characteristics (Test Circuit 2) j 

Tint Amplifier Output 






Sensitivity (V,) 

V 3 = 7 mVRMS 

160 

250 


mVRMS 

Limiting Knee (V,) 

V 3 = 35 mVRMS 


300 



Limiting (V,) 

V 3 = 350 mVRMS 



380 


Tint Amplifier Phase Ref. (Note 2) ( <j> 6 ) 

V 3 = 70 mVRMS 

185 

220 

235 

degrees 

Tint Amplifier Phase Ref. (Note 3) (A$ 6 ) 

V 3 = 70 mVRMS 

90 

105 


degrees 

Demodulated Chroma Outputs 






R-Y (V 10 ) 


0.15 

0.25 


VRMS 


V 3 = 70 mVRMS 





Ratio of G-Y to R-Y (V 9 /V 10 ) 


0.28 

0.36 

0.44 



V 14 = 35 mVRMS 





Ratio of B-Y to R-Y (V a /V 10 ) 


1.0 

1.2 

1.4 


Color Difference Output 






BW at 3.3 dB (BW Dlff .) 


450 

550 


kHz 

Color Difference Outputs (max. input signals): 






R-Y (V 10 ) 



3.0 



G-Y (V 9 ) 

V 3 = 70 mVRMS 


1.1 


Vp. p 

B-Y (V 8 ) 

V 14 21 2 mVRMS 


3.6 



Small Signal Input Resistance 






Terminal Number 3 (r 5 ) 



550 



Terminal Numbers 6 and 12 (rj) 



22 



Small Signal Output Resistance 






Terminal Numbers 8, 9, and 10 (r„) 



5 



Note 1 : AV 8 -V 8 ^ V 8 + V 9 + v 1oj AVg 

< 

CD 

1 

< 

00 

+ 

w ciT 
+ 

< 

o 

, AV 10 = V 10 -f — 

+ Vg + Vtq \ 

Note 2: Thermal No. 3 is phase reference. 






Note 3: Read phase shift as tint control is varied. 
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KIS Consumer Circuits 


LM3070 chroma subcarrier regenerator 


general description 

The LM3070 integrated circuit is a phase locked 
loop oscillator controlled by an Automatic Phase 
Control (APC) detector, and an Automatic Chroma 
Control (ACC) detector which generates the correc- 
tion voltage for the ACC amplifier of the LM3071 . 
Both the APC and the ACC detectors are piloted 
by the burst signal present in the NTSC color 
video signal applied at Pins 13 and 14 in quadrature. 
The APC error output voltage controls the phase 
shift at Pin 7 in the oscillator feedback loop and 
locks the frequency of oscillation to the burst 
signal frequency. The APC and ACC detectors are 


keyed by the horizontal pulse applied at Pin 4, 
which also inhibits the oscillator output amplifier 
during the burst interval. Balance adjustment of DC 
offsets are provided to establish an initial no-signal 
offset control in the ACC output, and a no-signal, 
on-frequency adjustment through the APC detector- 
amplifier circuit which controls the oscillator 
frequency. The oscillator output stage is differen- 
tially controlled at Pins 2 and 3 by the HUE con- 
trol to Pin 1. 

The circuit also includes a shunt regulator to 
establish a 12V DC supply. 


schematic diagram 


OSCILLATOR ACC DETECTOR DETECTOR DETECTOR AFC OETECTOR OSCILLATOR OSCILLATOR 

OUTPUT OUTPUT INPUT OUTPUT FEEDBACK CONTROL SUPPLY 



block diagram 





All resistance values are in ohms. Unless otherwise indicated, all capacitance 
values less than 10 are in microfarads, 10 or greater are in picofarads. 
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LM3070 


absolute maximum ratings 






Supply Current 


40 mA 





Internal Power Dissipation up to 70°C 

550 mW 





Above 70°C Derate at 7 mW/°C 
Operating Temperature 


-40° C to +85°C 





Storage Temperature 


-65°C to +150°C 





electrical characteristics t a = 25°c v + = 24v 







CONDITIONS 

LIMITS 

UNITS 



MIN 

TYP 

MAX 

STATIC (Refer to Test Circuit 1) 

Supply Current 

•s 



25.5 


mA 

Voltage at Supply Terminal 

Vio 


11.3 

12 

12.8 

V 

Supply Regulation 

AV 10 

V + = 21V to V + = 27V 


30 


mV 

Total Current into Oscillator 

I 2 +I 3 

St "OFF”, S 2 Position 1 , Pins 

4.2 

5.8 

7.8 

mA 

Output Terminals 


2 and 3 shorted together 





APC Output Current 

hi» I 12 

S-i "ON”, S 2 Position 1 


1.45 


mA 

ACC Output Current 

*15- ( 16 

St "ON”, S 2 Position 1 


1.45 


mA 

APC Output Balance 

Vii-V 12 

St "ON", S 2 Position 1 

-350 

0 

+350 

mV 

ACC Output Balance 

V 15 “ V 16 

St "ON”, S 2 Position 1 

-300 

0 

+300 

mV 

Oscillator Control Balance 

v 7 -v 8 

S 2 Position 2 ,Vtt = V 12 = 9.5V 

-300 

0 

+300 

mV 

Voltage at Hue Control Terminal 

Vi 

St "OFF" 

7.1 

7.7 

8.3 

V 

Voltage at Oscillator Feedback Terminal 

V 6 

S 2 Position 3 


2.8 


V 

Voltage at APC and ACC Input Terminal 

< 

CJ 

< 


5.8 

6.3 

6.9 

V 

DYNAMIC (Refer to Test Circuit 2) 

Oscillator Pullin Range 




±650 


Hz 

Oscillator Control Sensitivity 




12 


Hz/mV 

Oscillator Output at Pin 2 

v 2 

St, Position 1 

.75 

1.0 


Vp-p 

Oscillator Output at Pin 3 

v 3 

S 1f Position 2 

.75 

1.0 

■ 

Vp-p 

ACC Detected Output 



120 

150 

1 

mV 
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typical performance characteristics 


Frequency Pull-In Range as a 
Function of Burst Input Level 



0 200 400 600 BOO 1000 


PEAK-TO-PEAK BURST INPUT 
LEVEL AT APC DETECTOR INPUT (mV) 


Differential DC Voltage at ACC 
Detector Output as a Function 



LEVEL AT ACC DETECTOR INPUT (mV) 


dc test circuit 



TEST CIRCUIT 1 


LM3070 



LM3070 








Consumer Circuits 



KIS 

LM3071 television chroma IF amplifier 


general description 

The LM3071 is a two stage chroma IF amplifier 
on a single silicon chip encapsulated in a 14 lead 
molded-Dual-ln-Line Package. The first stage is an 
automatic gain controlled amplifier, and its output 
from Pin 6 is used to drive the ACC detector of 
the LM3070 or an equivalent circuit. The output 
from the ACC detector is applied to Pins 1 and 14 
to control the gain of the stage. The second ampli- 
fier stage is driven from the output of the first at 
Pin 7, and the gain is controlled by adjusting the 
DC voltage at Pin 10. The output from Pin 9 
supplies the chroma drive signal to the chroma 
demodulator circuit. In addition, the second stage 


may be gated "OFF" to provide "color killing" 
action in the absence of color signal at the output 
of the first stage. The killer trip point is adjusted 
externally. 

features 

■ Very effective gain control of both stages 

■ Good signal handling capability 

■ Excellent gain stability with temperature and 
supply voltage variations 

■ Low distortion 



5-129 


LM3071 







LM3071 


absolute maximum ratings 

Supply Voltage V + = 30V 

Internal Power Dissipation at 70°C 550 mW 

Above 70°C derate at 7 mW/°C 

Operating Temperature -40°C to +85°C 

Storage Temperature -65°C to +150°C 

electrical characteristics t a = 25°c v + = 24v 


PARAMETER 

SYMBOL 

CONDITIONS 

LIMITS 


mm 



STATIC (Refer to Test Circuit l) 

Supply Current 

•s 


17 

24 

31 

mA 

Bias Voltage at Pin 12 

V 12 


14 

15.3 

16.5 

V 

Voltage at Input 1 

v 2 



1.7 


V 

Voltage at Input 2 

v 7 



1.4 


V 

Voltage at Output 1 

v 6 

Vacc = V 1 -V 14 = 0V 

15.5 

17.5 

mill 

V 

Voltage at Output 2 

v 9 

v 10 = ov 

17.25 

18.25 

19 

V 

DYNAMIC (Refer to Test Circuit 2) f = 

3.58 MHz 






Gain, ACC Amplifier Stage 

A V1 

S A Position 1. V, = V 14 = 10V 

14 

16.5 

19 

db 

Gain Reduction of ACC Amplifier 


S A Position 2, R, set for V 14 - V 1 = 75 mV 


14 


db 

Maximum Gain, Chroma Level Amplifier 

A V2 

S B Position 1, V 10 = OV 

13 

15.5 

17 

db 

90% Chroma Gain Control 

V,o 

S B Position 1 , R 2 set for 90% 

2.3 

3.5 

4.8 

v DC 

Reference Voltage 


of Maximum Gain 





10% Chroma Gain Control 

V,o 

S B Position 1, R 2 Set for 10% 

17 

20 

21.7 

V D c 

Reference Voltage 


of Maximum Gain 





Maximum Chroma Output Before Distorting 

v 9 

S B Position 1, V 10 = OV 


5.5 


Vp_ p 

ACC Amplifier Bandwidth 

BW t 

S A Position 1 


12 


MHz 

Level Amplifier Bandwidth 

bw 2 



30 


MHz 

Killer on Threshold 

Via 

S B Position 2, Adjust R 3 to Kill Output 


16.5 


V DC 

Gain Variation with V + , Level 

AA\/2 

R 2 set for 10% of maximum Gain 


0.3 


db 

Amplifier Stage 


V + = 24 ± 3V 





Gain Variation with Temperature, 

aa V2 

R 2 set for 10% of Maximum Gain 


0.5 


db 

Level Amplifier Stage 


T a = 25° C to T a = 70° C 





ACC Amplifier Input Resistance 

R, 1 



2.0 


kfi 

ACC Amplifier Input Capacitance 

C, 1 



5 


pF 

Level Amplifier Input Resistance 

R ,2 



2.2 


kn 

Level Amplifier Input Capacitance 

C,2 



4.2 


pF 


typical performance characteristics 


ACC Amplifier Gain as a 
Function of Differential 
DC Voltage at ACC Input 


Chroma Level Amplifier Gain 
as a Function of DC Voltage 
at Chroma Level Control 



18 ? 



15.5 = 
,4 1 


-300 -200 -100 


100 200 300 


12 16 20 24 


DIFFERENTIAL DC VOLTAGE 
AT ACC INPUT TERMINALS (V, - V 14 ) (mV) 
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Consumer Circuits 


LM3075 FM detector/limiter and audio preamplifier 


general description 

The LM3075 is a monolithic integrated circuit 
FM detector/limiter and audio preamplifier that 
requires a minimum of external components for 
operation. It includes three stages of IF limiting 
and a differential-peak-detection circuit. 


■ Simple detector alignment: one coil 

■ Sensitivity: 3 dB limiting voltage 250 /u V typical 
at 10.7 MHz 

■ Low harmonic distortion 



features 

■ A direct replacement for the CA3075 


■ Excellent AM rejection 55 dB typ. at 10.7 MHz 

■ Internal audio preamplifier 


LM3075 




LM3075 


absolute maximum ratings 

Power Supply Current (Pin 5) 30 mA 

Supply Voltage (Pin 5) 12.5V 

Power Dissipation 

T a = 25° C or Less 850 mW 

T a = 25°C or More Derate Linearly 6.67 mW/°C 

electrical characteristics t a = 25°c 


Operating Temperature Range -40°C to +85°C 
Storage Temperature Range -65°C to +150°C 
Lead Temperature (Soldering, 10 seconds) 300°C 
















MS Transistor/Diode Arrays 


LM114/LM114A, LM115/LM115A matched dual monolithic transistors 


general description 

These devices contain a pair of junction-isolated 
NPN transistors fabricated on a single silicon sub- 
strate. This monolithic structure makes possible 
extremely-tight parameter matching at low cost. 
Further, advanced processing techniques yield ex- 
ceptionally high current gains at low collector cur- 
rents, virtual elimination of “popcorn noise," low 
leakages and improved long-term stability. Some 
of the major features of these pairs are indicated 
by the following specifications: 

■ Low offset voltage— 0.5 mV maximum 

■ Low drift— 2 /iV/° C maximum from -55°C to 
125°C 


■ High current gain— 500 minimum at 1 0 /iA 

■ Tight beta match— 10% maximum 

■ High breakdown voltage— to 60V 

■ Matching guaranteed over a 0V to 45V collector- 
base voltage range. 

Although designed primarily for high breakdown 
voltage and exceptional dc characteristics, these 
transistors have surprisingly good high-frequency 
performance. The gain-bandwidth product is 
450 MHz with 1 mA collector current and 5V 
collector-base voltage and 22 MHz with 10 fiA col- 
lector current. Collector-base capacitance is only 
1.3 pF at 5V. 


connection diagram 



TOP VIEW 


Order Number LM1 14H orLM114AH 
LM115H or LM115AH 
See Package 10 


absolute maximum ratings 


Collector-Base Voltage (BV cbo ) 
Collector-Emitter Voltage (BV CER ) 
Collector-Collector Voltage 
Emitter-Emitter Voltage 
Emitter-Base Voltage (BV ebo ) 
Collector Current 
Totisl Power Dissipation (Note 1) 
Operating Junction Temperature 
Storage Temperature 
Lead Temperature (soldering, 10 sec) 


LM114 LM115 

LM114A LM115A 
45V 60V 

45V 60V 

45V 60V 

45V 60V 

6V 

20 mA 
1.8W 

-55°C to 1 50°C 
-65° C to 150°C 
300°C 


Note 1: The maximum dissipation given is for a 25°C case temperature. For operation under other 
conditions, the device must be derated based on a 150°C maximum junction temperature and a ther- 
mal resistance of 70°C/W junction to case or 230°C/W junction to ambient. 
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LM114/LM114A, LM115/LM115A 



6-2 











Transistor/Diode Arrays 


LM194/LM394 supermatch pair 


general description 

The LM194 and LM394 are junction isolated ultra 
well-matched monolithic NPN transistor pairs with an 
order of magnitude improvement in matching over con- 
ventional transistor pairs. This was accomplished by 
advanced linear processing and a unique new device 
structure. 

Electrical characteristics of these devices such as drift 
versus initial offset voltage, noise, and the exponential 
relationship of base-emitter voltage to collector current 
closely approach those of a theoretical transistor. Extrin- 
sic emitter and base resistances are much lower than 
presently available pairs, either monolithic or discrete, 
giving extremely low noise and theoretical operation over 
a wide current range. Most parameters are guaranteed 
over a current range of IjuA to 1 mA and 0 to 40V 
collector-base voltage, ensuring superior performance 
in nearly all applications. 

To guarantee long term stability of matching parameters, 
internal clamp diodes have been added across the emitter- 
base junction of each transistor. These prevent degrada- 
tion due to reverse biased emitter current— the most 
common cause of field failures in matched devices. The 
parasitic isolation junction formed by the diodes also 
clamps the substrate region to the most negative emitter 
to ensure complete isolation between devices. 


connection diagram 


Metal Can Package 



TOP VIEW 

Order Number LM194H or LM394H 
See Package 1 1 


The LM194 and LM394 will provide a considerable im- 
provement in performance in most applications requiring 
a closely matched transistor pair. In many cases, trim- 
ming can be eliminated entirely, improving reliability 
and decreasing costs. Additionally, the low noise and 
high gain make this device attractive even where match- 
ing is not critical. 

The LM194 and LM394 are available in an isolated 
header 6-lead TO-5. The LM194 is identical to the 
LM394 except for tighter electrical specifications and 
wider temperature range. 

features 

■ Emitter-base voltage matched to 50juV 

■ Offset voltage drift less than 0.1 /liV/°C 

■ Current gain (h FE ) matched to 2% 

■ Common-mode rejection ratio greater than 120 dB 

■ Parameters guaranteed over IjuA to 1 mA collector 
current 

■ Extremely low noise 

■ Superior logging characteristics compared to conven- 
tional pairs 

■ Plug-in replacement for presently available devices 
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LM194/LM394 





LM194/LM394 


absolute maximum ratings 

Collector Current 

20 mA 

Power Dissipation 

500 mW 

Collector-Emitter Voltage 

40V 

Junction Temperature 


Collector-Base Voltage 

40V 

LM194 

-55°C to +135°C 

Collector-Substrate Voltage 

40V 

LM394 

~25°C to +85°C 

Collector-Collector Voltage 

40V 

Storage Temperature Range 

-65°C to +150°C 

Base-Emitter Current 

±10 mA 

Lead Temperature (Soldering, 10 seconds) 

300°C 

electrical characteristics (Tj 

= 25°C) 




PARAMETER 

CONDITIONS 

LM194 

LM394 

UNITS 

MIN 



MIN 



Current Gain (h FE ) (Note 1 ) 

V CB = 0V to 40V 









l c = 1 mA 

500 

700 


300 

700 




l c = 100/uA 

400 

550 


250 

550 




i c = io m a 

300 



200 

450 




lc = IMA 

200 

300 


150 

300 



Current Gain Match (h FE Match) 

V CB = 0V to 40V 









l c = 10/uA to 1 mA 


0.5 

2 


0.5 

4 

% 


lc = 1/uA 


1.0 



1.0 


% 

Emitter-Base Offset Voltage 

V CB = 0 


25 

50 


25 

150 

MV 


l c = 1juA to 1 mA 








Change in Emitter-Base Offset 

(Notel) 


10 

25 


10 

50 

MV 

Voltage vs Collector-Base 

lc = IjwA to 1 mA, 








Voltage (CMRR) 

V CB = 0V to 40V 








Change in Emitter-Base Offset 

V CB = 0V, 


5 

25 


5 

50 

AV 

Voltage vs Collector Current 

l c = IpA to 0.3 mA 








Emitter-Base Offset Voltage 

l c = 10/uA to 1 mA 





0.08 



Temperature Drift (Note 2) 

lei = 1 C2 


0.08 

0.3 


0.8 

/uV/°C 

V os Trimmed to 0 at 25°C 


0.03 

0.1 


0.03 

0.3 

/uV/°C 

Logging Conformity (Note 3) 

l c = 3 nA to 300juA, 

V CB =0 


150 



150 


MV 

Collector-Base Leakage 

V CB = 40V 


50 



50 


PA 

Collector-Collector Leakage 

V cc = 40V 


70 



70 


PA 

Input Voltage Noise 

l c = 100/uA, V CB =0V, 


1.8 



1.8 


nV/\/Hz 


f = 100 Hz to 100 kHz 








Collector to Emitter Saturation 

I q = 1 mA, 1 B = 10/i A 


0.2 



0.2 


V 

Voltage 

l c = 1 mA. I B = IOOjliA 


0.1 



0.1 


V 


Notel: Collector base voltage is swept from 0 to 40V at a collector current of IjuA, 10/uA, 100/uA, and 1 mA. 

Note 2: Offset voltage drift with Vqs = 0 at T/\ = 25°C is valid only when the ratio of lei to Iq 2 ' s adjusted to give the initial zero offset. This 
ratio must be held to within 0.003% over the entire temperature range. Measurements taken at +25°C and temperature extremes. 

Note 3: Logging conformity is measured by computing the best fit to a true exponential and expressing the error as a base-emitter voltage 
deviation. 
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typical applications (con't) 




Precision Low Drift Operational Amplifier 





LM194/LM394 






Transistor/Diode Arrays 


LM195/LM295/LM395 power transistors 


general description 

The LM195/LM295/LM395 are fast, monolithic 
power transistors with complete overload protec- 
tion. These devices, which act as high gain power 
transistors, have included on the chip, current 
limiting, power limiting, and thermal overload 
protection making them virtually impossible to 
destroy from any type of overload. In the standard 
TO-3 transistor power package, the LM195 will 
deliver load currents in excess of 1.0A and can 
switch 40V in 500 ns. 

The inclusion of thermal limiting, a feature not 
easily available in discrete designs, provides virtually 
absolute protection against overload. Excessive 
power- dissipation or inadequate heat sinking 
causes the thermal limiting circuitry to turn off 
the device preventing excessive heating. 

features 

• Internal thermal limiting 

• Greater than 1.0A output current 

• 3.0/iA typical base current 

• 500 ns switching time 

• 2.0V saturation 

• Base can be driven up to 40V without damage 

• Directly interfaces with CMOS or TTL 


The LM195 offers a significant increase in reliabil- 
ity as well as simplifying power circuitry. In some 
applications, where protection is unusually difficult, 
such as switching regulators, lamp or solenoid 
drivers where normal power dissipation is low, the 
LM195 is especially advantageous. 

The LM195 is easy to use and only a few pre- 
cautions need be observed. Excessive collector to 
emitter voltage can destroy the LM195 as with 
any power transistor. When the device is used as 
an emitter follower with low source impedance, it 
is necessary to insert a 5.0k resistor in series with 
the base lead to prevent possible emitter follower 
oscillations. Although the device is usually stable 
as an emitter follower, the resistor eliminates the 
possibility of trouble without degrading perform- 
ance. Finally, since it has good high frequency 
response, supply by passing is recommended. 


The LM195/LM295/LM395 are available in stand- 
ard TO-3 power packages and solid Kovar TO-5. 
The LM195 is rated for operation from ~55°C to 
+1 50°C, the LM295 from -25°C to +150°C and 
the LM395 from 0°C to +125°C. 


simplified circuit and connection diagrams 



TO-3 Metal Can Package 



Order Number LM195K, 
LM295K or LM395K 
See Package 18 


TO-5 Metal Can Package 

EMITTER 

« BASE 

COLLECTOR 

CASE IS EMITTER 
BOTTOM VIEW 

Order Number LM195H, 
LM295H or LM395H 
See Package 9 
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LM195/LM295/LM395 




LM195/LM295/LM395 


absolute maximum ratings 


Collector to Emitter Voltage 


LM195, LM295 

42V 

LM395 

36V 

Collector to Base Voltage 

LM195, LM295 

42V 

LM395 

36V 

Base to Emitter Voltage (Forward) 


LM195, LM295 

42V 

LM395 

36V 

Base to Emitter Voltage (Reverse) 

20V 

Collector Current 

Internally Limited 

Power Dissipation 

Internally Limited 

Operating Temperature Range 

. LM195 

-55°C to +1 50°C 

LM295 

-25°C to +1 50°C 

LM395 

0°C to +1 25°C 

Storage Temperature Range 

-65°C to +1 50°C 

Lead Temperature (Soldering, 10 seconds) 

300°C 


electrical characteristics (Note i) 


PARAMETER 

CONDITIONS 

LM195, LM295 

LM395 

UNITS 

MIN 

TYP 

MAX 

MIN 

TYP 

MAX 

Collector-Emitter Operating Voltage 

X 

< 

_5 

VI 

VI 

_o 



42 



36 

V 

Base to Emitter Breakdown Voltage 

o < V CE 5; V CEMAX 

42 



36 

60 


V 

Collector Current 









TO-3 

V ce <15V 

1.2 

2.0 


1.0 

2.0 


A 

TO-5 

V C e < 7-0V 

1.2 

2.0 


1.0 

2.0 


A 

Saturation Voltage 

l c < 1.0A 


1.8 

2.0 


1.8 

2.2 

V 

Base Current 

0 < l c < Imax 


3.0 

5.0 


3.0 

10 

juA 


0 < V CE < V CEMAX 








Quiescent Current 

v be = 0 


2.0 

5.0 


2.0 

10 

mA 


0<Yce<V cemax 








Base to Emitter Voltage 

l c = 1.0 A,T a = +25°C 


0.9 



0.9 


V 

Switching Time 

V CE = 36V, R l = 3612, 


500 



500 


ns 


T a = +25° C 








Thermal Resistance Junction to 

TO-3 Package 


2.3 

3.0 


2.3 

3.0 

°C/W 

Case (Note 2) 

TO-5 Package 


12 

15 


12 

15 

°C/W 


Note 1 : Unless otherwise specified, these specifications apply for -55° C < T; < +150°C for the LM195,-25°C < Tj < +150°C 
for the LM295 and 0°C < +1 25°C for the LM395. 

Note 2: Without a heat sink, the thermal resistance of the TO-5 package is about +150°C/W, while that of the TO-3 package 
is +35°C/W. 
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typical performance characteristics 


Collector Characteristics 


Short Circuit Current 



lag 


5.0 10 15 20 25 30 35 

COLLECTOR-EMITTER VOLTAGE (V) 

0 5.0 10 15 20 25 30 35 

COLLECTOR-EMITTER VOLTAGE (V) 

0 0.4 0.8 1.2 1.6 

COLLECTOR CURRENT (A) 

Quiescent Current 

Base Emitter Voltage 

Base Current 


In 


5.0 10 15 20 25 30 35 

COLLECTOR VOLTAGE (V) 


-55 -35 -15 5.0 25 45 65 85 105 125 
TEMPERATURE (°C) 


-0.8 -0.4 0 0.4 0.8 1.2 20 

BASE EMITTER VOLTAGE (V) 


Saturation Voltage 


Response Time 


Response Time 


IVJI 


0.5 1.0 1.5 

COLLECTOR CURRENT (A) 









LM195/LM295/LM395 


typical performance characteristics (con't) 



0 0.4 0.8 1.2 1.6 

BASE-EMITTER VOLTAGE (V) 



0 0.4 0.8 1.2 1.6 

BASE-EMITTER VOLTAGE (V) 



0.01 0.1 1.0 10 
COLLECTOR CURRENT (A) 


Small Signal Frequency 
Response 



100k 1.0M 10M 

FREQUENCY (Hz) 


schematic diagram 


COLLECTOR 
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typical applications 


C4 



2 

IS) 

CO 

CJl 

s 


r- 

2 

(a) 

CO 

Cl 



"NEEDED FOR STABILITY 





6 - 





LM195/LM295/LM395 





typical applications (con't) 



'D1 WD2 
. LM113 JL 1N4002 


6.0V Shunt Regulator with Crowbar 


Two Terminal 100 mA Current Regulator 



TURN ON = 350 inV 
TURN OFF = 200 mV 


Low Level Power Switch 



R L >12i2 T=R1C 
R2 = 3R1 


Power One-Shot 



R1 > 50/jF 1 

200k > 5.0V 


Emitter Follower 


High Input Impedance AC Emitter Follower 



Fast Follower 
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5/LM295/LM395 



LM195/LM295/LM395 


typical applications (con t) 


Power Op Amp 


•ADJUST FOR 50 mA QUIESCENT CURRENT 
^SOLID TANTALUM 


01 |~j 

, r . r 

r-i 

02 

LI* 

■ v Ig 

LM 1 95** 

R4 

i r 

Cl 



500 

0.05mF | 

1 

R5 

1 1 

1 

LM105 6 Wt f 

r VvV- 



R7 

FI8 5 


2.0k 

25k < 

1 


+ 

R8 5 - 

7 02 

C2 — — 

2.0k > A 

i. 1N3890 

1 00( , F t — j— 


•SIXTY TURNS WOUND ON ARNOLD TYPE A -083081-2 CORE. 
•FOUR DEVICES IN PARALLEL 
*SOLID TANTALUM 


6.0 Amp Variable Output Switching Regulator 
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LYS Transistor/Diode Arrays 


LM3018/LM3018A matched monolithic transistor arrays 


general description 

The LM3018 and LM3018A consist of four gen- 
eral purpose silicon NPN transistors on a common 
monolithic substrate. Two of the four transistors 
are connected in the Darlington configuration. The 
substrate is connected to a separate terminal for 
maximum flexibility. The transistors are well sui- 
ted to a wide variety of applications in low-power 
systems in the DC through VHF range. They may 
be used as discrete transistors in conventional cir- 
cuits but in addition they provide the advantages 
of close electrical and thermal matching inherent 
in integrated circuit construction. 

features 

■ Matched monolithic general purpose transistors 

■ H FE matched ±10% 


schematic and connection diagram 


Metal Can Package 


CASE AND 
SUBSTRATE 


TOP VIEW 

Order Number LM3018H or LM3018AH 
See Package 7 



■ V BE matched 

LM3018 ±5 mV 

LM3018A ±2 mV 

■ Operation from DC to 120 MHz 

■ Wide operating current range 

■ LM3018A performance controlled from lOpA 
to 10 mA 

■ Low noise figure 3.2 dB typical at 1 kHz 

■ Full military temperature 

range capability -55°C to +1 25°C 

applications 

■ General use in signal processing systems in DC 
through VHF range 

■ Custom designed differential amplifiers 

■ Temperature compensated amplifiers 
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LM3018/LM3018A 



LM3018/LM3018 A 


absolute maximum 

ratings 











The following ratings apply for each transistor in the device: 


LM3018 

LM3018A 





LM3018 LM3018A 

Power Dissipation (Note 1) 



Collector to Emitter Voltage, V CEO 

15 


15V 

Any One Transistor 300 


300 mW 

Collector to Base Voltage, V CBO 

20 


30V 

Total Package 450 


450 mW 

Collector to Substrate Voltage, V r i n 

20 


40V 

Operating Temperature Range 


-55°C to +125°C 


(Note 2) 






Storage Temperature Range 


-65°C to +150°C 

Emitter to Base Voltage, V FBO 

5 


5V 

Lead Temperature (Soldering, 10 sec) 


300°C 

Collector Current, lc 


50 


50 mA 

dc electrical characteristics t a 

= 25°C 










LIMITS 


PARAMETER 


CONDITIONS 

LM3018 

LM3018A 

UNITS 




MIN 

TYP 

MAX 

MIN 

TYP 

MAX 


| STATIC CHARACTERISTICS | 

Collector Cutoff Current (I C boI 


V CB = 10V. I e = 0 


002 

100 


002 

40 

nA 

Collector Cutoff Current (l CE0 ) 


V CE = iov, i B -=o 



5 



5 

PA 

Collector Cutoff Current Darlington Pan (l CEO o) 


V CE ’ 10V, i B - 0 






5 

pA 

Collector to Emitter Bieakdown Voltage (V ISR]CEO ) 


l c = 1 mA, 1 g ^ 0 

15 

24 


15 

24 


V 

Collector to Base Breakdown Voltage (V IBR ) CB0 ) 


Iq 1 Qfj A, 1 g ~ 0 

20 

60 


30 

60 


V 

Emitter to Base Breakdown Voltage (V (BR)EBO ) 


l E - 10pA, l c -0 

5 

7 


5 

7 


V 

Collector toSubstiate Breakdown Voltage ( V (BR)ct0 ) 


lc " 10pA, Id ~ 0 

20 

60 


40 

60 


V 

Collectoi to Emittei Sanitation Voltage (V CES ) 


l B 1 mA, l c - 10 mA 


23 



.23 

5 

V 



[ l c - 10 mA 


100 


50 

100 



Static Foiwaid Cuirent Tiansfei Ratio (h Fe ) 


V C e - 3V, ) l c - 1 mA 

30 

100 


60 

100 





lie" 10 /jA 


54 


30 

54 



Magnitude of Static Beta Ratio (Isolated Tiansistois 

Q, and Q 2 ) 


< 

E 

> 

> 

.9 

.97 


9 

97 



Static Foiwaid Cunent Tiansfei Ratio Dailington 



1500 

5400 


2000 

5400 



Pan (Q 3 and Q4) 





1000 

2800 



Base to Emittei Voltage (V BE ) 


( | _ -J m A 


.715 


600 

.715 

800 



Vce = 3V ( l E = 10 mA 


.800 


800 

.900 

V 

Input Offset Voltage ( | ® E ’ || 


V CE = 3V, l E - 1 mA 


48 

5 


48 

2 

mV 

\|-VaE 2 |/ 









Tempeiature Coefficient' Base to Emitter 










/ 1 av be | \ 


V CE = 3V, l E = 1 mA 


-1 9 



-1 9 


mV/ C 

Voltage Q 1f Q 2 § ' j 










Base (Q 3 ) to Emitter (Q 4 ) Voltage Dailington 


»«■-» ;;:;r 


1 46 



1 46 

1 60 


Pair (V BE D (V 91 )) 



1 32 


1 10 

1.32 

1 50 


Temperature Coefficient Base to Emitter 









mV/°C 

/lAVncnl\ 


V C e = 3V, l E = 1 mA 


4 4 



4 4 


Voltage Darlington Pair Q 3 , Q 4 1 — ^ — 1 









Temperature Coefficient Magnitude of Input 

Offset Voltage 


V cc = +6, V EE = -6 V 
■c, = >c 2 = 1 mA 


10 



.10 


pV/°C 

ac electrical characteristics t a 

= 25°C 







| DYNAMIC CHARACTERISTICS | 

Low Frequency Noise Figure (NF) 


f= 1 kHz, V CE = 3V, 
l c = IOOjuA, Source 

Resistance = 1 kfi 


3.25 



3.25 


dB 

Low Frequency, Small-Signal Equivalent 

Circuit Characteristics - 

Forward Current Transfer Ratio (h fe ) 

1 



110 



110 



Short Circuit Input Impedance (hj 


f= 1 kHz, V ce = 3V, 


3.5 



35 


kU 

Open Circuit Output Impedance (h oe ) 


l c = 1 mA 


15.6 



15.6 


pmho 

Open Circuit Reverse Voltage Transfer Ratio (h re ) 




1.8 x 10" 4 



1.8 x 10‘ 4 



Admittance Characteristics: 










Forward Transfer Admittance (Y fe ) 

i 



31 — j 1 .5 



31 — j 1 .5 


mmho 

Input Admittance (Y, e ) 


• f= 1 MHz. V ce = 3V, 


.3 +j0.04 



.3 +j0 04 


mmho 

Output Admittance (Y oe ) 


l c = 1 mA 


.001 +j0.03 



.001 +|0 03 


mmho 

Reverse Transfer Admittance (Y re ) 




See Curve 



See Curve 


mmho 

Gain Bandwidth Product (f T ) 


V CE = 3 V, l c = 3 mA 

300 

500 


300 

500 


MHz 

Emitter to Base Capacitance (C EB ) 


V eb = 3V,I e = 0 


.6 



6 


pF 

Collector to Base Capacitance (C CB ) 


V CB = 3V, l c = 0 


.58 



.58 


pF 

Collector to Substrate Capacitance (C c( ) 


V C i = 3V, l c = 0 


2.8 



2.8 


PF 

Note 1: Derate at 5 mW/°C for T A > 85° C 










1 Note 2: The collector of each transistor of the LM3018 and LM3018A is isolated from the substrate by an integral diode. The 

substrate (terminal 10) must be connected to the most negative point in the external circuit to maintain isolation between 




transistors and to provide for normal transistor action. 
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h FED - STATIC FORWARD CURRENT-TRANSFER 

- OFFSET (mV) RATIO FOR DARLINGTON PAIR I - COLLECTOR CUTOFF CURRENT (mA) 



LM3018/LM3018A 





typical performance characteristics (con't) 


Noise Figure vs Collector 
Current, R§ = lOkfi 




— 

} 




-1 

J.lkHz y 

7 


J 

IJE 

/ 

.1 


f 1 

J 


flr 

I 




Forward Current-Transfer 
Ratio (hf e ), Short-Circuit 
Input Impedance (h ie ), Open- 
Circuit Output Impedance 
(h oe ), and Open-Circuit 
Reverse Voltage-Transfer 
Ratio (h re ) vs Collector 
Current 



i 



IlIBHWJHailll 

IIIH'JIIIIIII 

1 

g|jj| 

Bill!; 


H 

X 

===;jj 


1 222 

i:5ii 

UK!" 

niii 

iiiiii 

Siii 

■III 

iii 


l c - COLLECTOR (mA) 

Input Admittance (Yj e ) 


l c - COLLECTOR (mA) 


Forward Transfer 
Admittance (Yf e ) 


cc o 

a = 0 I— b f 




1 10 
f- FREQUENCY (MHz) 


Output Admittance (Y oe ) 



f- FREQUENCY (MHz) 


f- FREQUENCY (MHz) 


Reverse Transfer 
Admittance (Y re ) 


.5 g re IS SMALL AT FREQUENCIES _ 
I I I I LESS THAN 500 MHz \ 


' T a = 25° C 

■a — 1,5 V CE =3V - 

lc = 1 mA 


10 100 
f- FREQUENCY (MHz) 


Typical Gain-Bandwidth 
Product (f j) vs Collector 
Current 



1 2 3 4 5 6 7 8 

l c - COLLECTOR (mA) 



Transistor/Diode Arrays 


LY 



LM3019 diode array 
general description 

The LM3019 consists of one silicon diode "quad" 
and two isolated silicon diodes on a common 
monolithic substrate. 

features 

■ Excellent diode match 

■ Low leakage current 

■ Low pedestal voltage when gating 

■ Built-in temperature stability for operation 
from -55°C to +125°C 


■ 10-pin TO-5 package 

■ Hermetically sealed 

applications 

■ Modulator 

■ Mixer 

■ Balanced modulator 

■ Analog switch 

■ Diode gate for chopper-modulator applications 


schematic and connection diagrams 

Metal Can Package 



NOTE 1: CONNECT TO MOST NEGATIVE CIRCUIT POTENTIAL. 



Order Number LM3019H 
See Package 13 


absolute maximum voltage limits t a = 25°c 


TERMINAL 

VOLTAGE LIMITS 

CONDITIONS 

NEGATIVE 

POSITIVE 

TERMINAL 

VOLTAGE 

1 

-3 

+12 

7 

-6 

2 

-3 

+12 

7 

-6 

3 

-3 

+12 

7 

-6 

4 

-3 

+12 

7 

-6 

5 

-3 

+12 

7 

-6 

6 

-3 

+12 

7 

-6 




1. 2, 


7 

-18 

0 

3, 6, 

0 




8 


8 

-3 

+ 12 

7 

-6 

9 

- 3 ! 

+12 

7 

-6 

10 

NO CONNECTION 

CASE 

INTERNALLY CONNECTED TO TERMINAL 7 

DO NOT GROUND 
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LM3019 






LM3019 


absolute maximum ratings 





Power Dissipation 






Any One Diode Unit 

20 mW 





Total For Device 

120 mW 





Storage Temperature Range 

-65°C to +200°C 





Operating Temperature Range 

-55°C to +125°C 





Lead Temperature (Soldering, 10 seconds) 300°C 





electrical characteristics for each diode unit, unless otherwise specified, T A 

= 25°C. 


PARAMETER 

CONDITIONS 

MIN 

TYP 

MAX 

UNITS 

DC Forward Voltage Drop (V F ) 

DC Forward Current l F = 1 mA 


.73 

.78 

V 

DC Reverse Breakdown Voltage (V( BR ) R ) 

DC Reverse Current l R = -lO^A 

4 

6 


V 

DC Reverse Breakdown Voltage Between Any 
Diode Unit and Substrate (V (BR ) R ) 

DC Reverse Current l R = -10jUA 

25 

80 


V 

DC Reverse (Leakage) Current (l R ) 

DC Reverse Voltage V R = -4V 


.0055 

10 

juA 

DC Reverse (Leakage) Current Between Any 

Diode Unit and Substrate (l R ) 

DC Reverse Voltage V R = -4V 


.010 

10 

m a 

Magnitude of Diode Offset Voltage (Difference 
in DC Forward Voltage Drops of Any Two 

Diode Units) (|V Fl - V Fz l) 

DC Forward Current l F = 1 mA 


1 

5 

mV 

Single Diode Capacitance 

Frequency f = 1 MHz 

DC Reverse Voltage V R = -2V 


1.8 


pF 


Frequency f = 1 MHz 

DC Reverse Voltage V R Between 





Diode Quad-to-Substrate Capacitance (Cdq.-,) 

Terminal 2, 5, 6 or 8 of Diode Quad 
and Terminal 7 Substrate = -2V 






Terminal 2 or 6 to Terminal 7 


4.4 


PF 


Terminal 5 or 8 to Terminal 7 


2.7 


pF 

Series Gate Switching Pedestal Voltage (V s ) 



10 


mV 
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typical performance characteristics 


DC Forward Voltage Drop Reverse (Leakage) Current Diode Capacitance (Any 

(Any Diode) vs Temperature (Any Diode) vs Temperature Diode) vs Reverse Voltage 



-75 -50 -25 0 25 50 75 100 125 -75 -50 -25 0 25 50 75 100 125 0 1 2 3 4 

T a - AMBIENT TEMPERATURE (°C) T A - AMBIENT TEMPERATURE (°C) V R - REVERSE VOLTAGE ACROSS DIODE (V) 


Diode Quad-To-Substrate Diode Quad-To-Substrate 

Capacitance vs Reverse Capacitance vs Reverse 

Voltage Voltage 



0 1 2 3 4 0 1 2 3 4 


V R - DC REVERSE VOLTAGE BETWEEN TERMINAL V R - DC REVERSE VOLTAGE BETWEEN TERMINALS 

2 OR 6 AND SUBSTRATE (TERMINAL 7) 5 OR 8 AND SUBSTRATE (TERMINAL 7) 


series gate switching test setup 


+6V 






LM3026, LM3054 



Transistor/Diode Arrays 


LM3026, LM3054 transistor arrays 


general description 

The LM3026 and LM3054 each consists of two 
independent differential amplifiers with associated 
constant-current transistors on a common mono- 
lithic substrate. The six NPN transistors which 
comprise the amplifiers are general purpose devices 
which exhibit low 1/f noise and a value of f T in 
excess of 300 MHz. These features make the 
LM3026and LM3054 useful from DC to 120 MHz. 
Bias and load resistors have been omitted to pro- 
vide maximum application flexibility. 

The monolithic construction of the LM3026 and 
LM3054 provides close electrical and thermal 
matching of the amplifiers. This feature makes 
these devices particularly useful in dual channel 
applications where matched performance of the 
two channels is required. 

The LM3026 is supplied in a hermetic 12-lead 
TO-5 style package and is rated for full military 
operating temperature range of ~55°C to+125°C. 

The LM3054 is supplied in a 14-lead molded 
dual-in-line package with a limited temperature 
range. The availability of extra terminals allows 
the introduction of an independent substrate con- 
nection for maximum flexibility. 

features 

■ Two differential amplifiers on a common 
substrate 


■ Independently accessible inputs and outputs 

■ Maximum input offset voltage ±5 mV 

■ Full military temperature 

range capability -55°C to +1 25°C 

■ Limited temperature 

range, LM3054 0°C to +85°C 


applications 

■ Dual sense amplifiers 

■ Dual Schmitt triggers 

■ Multifunction RF mixer 

combinations oscillator converter IF 

■ IF amplifiers (differential and or cascade) 

■ Product detectors 

■ Doubly balanced modulators and demodulators 

■ Balanced quadrature detectors 

■ Cascade limiters 

■ Synchronous detectors 

■ Pairs of balanced mixers 

■ Synthesizer mixers 

■ Balanced (push-pull) cascode amplifiers 


schematic and connection diagrams 


Metal Can Package 



TOP VIEW 

Order Number LM3026H 
See Package 7 


Dual-In-Line Package 
NC 
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absolute maximum ratings 

(T a = 25°C) 





LM3026 LM3054 






Power Dissipation 

The following ratings apply for each transistor 

n the device: 


Any One Transistor 300 mW 

300 mW Collector to Emitter Voltage (V CEO ) 


15V 

Total Package 600 mW 

750 mW Collector to Base Voltage (V CBO ) 


20V 

ForT A >55°C Derate at 5 mW/°C 6.67 mW/°C Collector to Substrate Voltage (V c ,o ) (Note) 


20V 

Operating Temperature Range -55°C to +125°C -40°C to +85°C Emitter to Base Voltage (V EBO 



5V 

Storage Temperature Range -65°C to +150°C -65°C to +150°C Collector Current 



50 mA 

Lead Temperature (Soldering, 10 sec) 

300°C 






dc electrical characteristics (t a =25°c) 





PARAMETER 

CONDITIONS 

MIN 

TYP 

MAX 

UNITS 

STATIC CHARACTERISTICS | 

For Each Differential Amplifier 







Input Offset Voltage (V, 0 ) 




.45 

5 

mV 

Input Offset Current (l )0 ) 




.3 

2 

HA 

Input Bias Current (l|) 




10 

24 

pA 

Vce 

= 3V 




Quiescent Operating Current Ratio ( ‘- 1 ' or : C '~ 5) ) 

*E(Q3) ~ *E(Q4) " 2 mA 


.98 to 



\'c(Q2) 1 C(Q6) / 




1.02 



Temperature Coefficient / |AV| 0 | \ 

Magnitude of Input Offset Voltage \ AT / 




1.1 


ptV/° C 

For Each Transistor 


f l c = 50 /tA 


.630 

.700 


DC Forward Base to Emitter Voltage (V BE ) 

V CB = 3V 

1 mA 

3 mA 


.715 

.750 

.800 

.850 

V 



10 mA 


.800 

.900 


Temperature Coefficient of Base to Emitter 







/ av be \ 

Voltage ( — — ) 

V cb = 3V, l c =1 mA 


-1.9 


AtV/°C 

\ AT / 







Collector Cutoff Current (Icbo) 

v CB = iov, l E = 0 


.002 

100 

nA 

Collector to Emitter Breakdown Voltage (V (BR)CEO ) 

l c = 1 rnA, 

i B = o 

15 

24 


V 

Collector to Base Breakdown Voltage (V( BR)CBO ) 

l c = 10juA. 

l E = 0 

20 

60 


V 

Collector to Substrate Breakdown Voltage (Msfdcio) 

0 

1 
> 

lei = 0 

20 

60 


V 

Emitter to Base Breakdown Voltage (V (BR)EBO ) 

l E = 10/iA, 

l c = o 

5 

7 


V 

ac electrical characteristics 

DYNAMIC CHARACTERISTICS 

Common Mode Rejection Ratio For Each Amplifier (CMR) 




100 


dB 

AGC Range, One Stage (AGC) 

V cc = 12V 



75 


dB 

Voltage Gain, Single Stage Double Ended Output (A) 

V EE = -6V 
V x =-3.3V 



32 


dB 

AGC Range, Two Stage (AGC) 

f = 1 kHz 



105 


dB 

Voltage Gain, Two Stage Double Ended Output (A) 




60 


dB 

Low-Frequency, Small Signal Equivalent Circuit 
Characteristics: (For Single Transistor) 







Forward Current Transfer Ratio (h fe ) 




110 



Short Circuit Input Impedance (h ie ) 

f = 1 kHz, V CE = 3V, 


3.5 


kfi 


l c = 1 mA 






Open Circuit Output Impedance (h oa ) 




15.6 


/imho 

Open Circuit Reverse Voltage Transfer Ratio (h re ) 




1.8 x 10' 4 



1/f Noise Figure (For Single Transistor) (NF) 

f = 1 kHz, V ce = 3V 


3.25 


dB 

Gain Bandwidth Product (For Single Transistor) (f T ) 

V ce = 3V, 

l c = 3 mA 


550 


MHz 

Admittance Characteristics; Differential Circuit 

Configuration: (For Each Amplifier) 







Note: The collector of each transistor of the LM3026 and LM3054 is isolated from the substrate by ar 

integral diode. The 

substrate must be connected to a voltage which is 

more negative than any collector voltage in order to maintain isolation j 

between transistors and provide for normal transistor action. The substrate should be maintained at signal (AC) ground by 

means of a suitable grounding capacitor, to avoid undesired coupling between transistors. 
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LM3026 , LM3054 




LM3026 , LM3054 


ac electrical characteristics (con't) 


PARAMETER 

CONDITIONS 

MIN 

TYP 

MAX 

UNITS 

Forward Transfer Admittance (y 2 i) 



-20 + jO 


mmho 

Input Admittance (y^) 

V CB = 3V 

Each Collector 


.22 + jO.1 


mmho 

Output Admittance (y 22 ) 

l c « 1.25 mA 


.01 + jO 


mmho 

Reverse Transfer Admittance (y 12 ) 

f = 1 MHz 


-0.003 + jO 


mmho 

Admittance Characteristics; Cascode Circuit 

Configuration: (For Each Amplifier) 






Forward Transfer Admittance (y 21 ) 



68 - jO 


mmho 

Input Admittance (y n ) 

V CB = 3V 

Total Stage 


.55 + jO 


mmho 

Output Admittance (y 22 ) 

l c ~ 2.5 mA 


O + jO.02 


mmho 

Reverse Transfer Admittance (y 12 ) 

f = 1 MHz 

1 


.004 — j.005 


jumho 

Noise Figure (NF) 

f= 100 MHz 


8 


dB 


typical performance characteristics 


Collector-To-Base Cutoff 
Current vs Ambient 
Temperature for 
Each Transistor 



Input Bias Current 
Characteristic vs Collector 
Current for Each 
Transistor 



.1 1 10 


T a - AMBIENT TEMPERATURE ( C) 


l c - COLLECTOR (mA) 


Base-To-Emitter Voltage 
Characteristic for Each 
Transistor vs Ambient 
Temperature 



-75 -50 -25 0 25 50 75 100 125 

T a - AMBIENT TEMPERATURE (°C) 


Offset Voltage Characteristic 
vs Ambient Temperature for 
Differential Pairs 


V 

:b = 

IV 

J 






* 



l E 

_ 

10 r 

A 












- 





1 m 

t“ 

A 







1 

1 







.1 IT 

iA 



i 


_ 


1 

r 




-75 -50 -25 0 25 50 75 100 125 

T a - AMBIENT TEMPERATURE (°C) 


Static Base-To^Emitter 
Voltage Characteristic 
and Input Offset Voltage 
for Differential Pairs vs 
Emitter Current 



.4 

.01 .1 1 10 


Input Offset Current for 
Matched Differential Pairs 
vs Collector Current 



.01 .1 1 10 


l E - EMITTER (mA) 


l c - COLLECTOR (mA) 
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typical performance characteristics (con't) 


Forward Current-Transfer 
Ratio (hf e ), Short-Circuit 
Input Impedance (hj e ), Open- 
Circuit Output Impedance 
(hoe)' ar *d Open-Circuit 
Reverse Voltage-Transfer 

Ratio (h re ) vs Collector Gain-Bandwidth Product 

Current for Each Transistor (f j) vs Collector Current 



Forward Transfer Admittance 
(Y21) vs Frequency 


Vcb = 3 
- I c OF E 
T a = 2S 

^imr 

ACH TRAN 
°C 

nun niimr 

SISTOR = 1.25 mA- 

HIE. 



jjp 


b 2 i 

„4ffl 



iL 



. w 






..M 


.1 1 10 100 


Input Admittance (Y-j-j) 



.1 1 10 100 


Output Admittance (Y22) 
vs Frequency 


1 

firm 

ACH TRAN 

A 1 LLI 

mr 

ISTOR 

min 

IIIIW 

IIP /4 

■HI 


IT 

Hum 

1 min 

i_ 

■in 

mini 

1 mui 

m 

■in 

iiiini 

mni) 

m 

■hi 

iiiini 

mai'ii 

■ 

■in 

iiiiBii 

mw 

in 

■hi 

|S!| 

mwit 

•Sill 



.1 1 10 100 


f- FREQUENCY (MHz) 


f- FREQUENCY (MHz) 


f- FREQUENCY (MHz) 


Reverse Transfer Admittance 
(Y12) vs Frequency 


Forward Transfer Admittance 
( Y21 ) vs Frequency 


Input Admittance (Yu) 
vs Frequency 



f- FREQUENCY (MHz) 


f- FREQUENCY (MHz) 



.1 1 10 100 
f- FREQUENCY (MHz) 


Output Admittance (Y22) 
vs Frequency 



.1 1 10 100 2 
f- FREQUENCY (MHz) 


«t _ 
11 


Reverse Transfer Admittance 
(Y12) vs Frequency 



f- FREQUENCY (MHz) 



6-25 


LM3026 ,LM3054 





LM3026, LM3054 









The following chart gives the range of voltages which can be applied to the terminals listed vertically with 
respect to the terminals listed horizontally. For example, the voltage range between vertical terminal it and 
horizontal terminal 3^ is +15V to -5V. 


LM3054 

TERMINAL NO. 

13 

14 

1 

2 

3 

4 

6 

7 

8 

9 

11 

12 

5 



LM3026 

TERMINAL 

10 

11 

12 

1 

2 

3 

4 

5 

6 

7 

8 

(Note 2) 
9 

(Note 2) 



NO. 













13 

10 


0 

-20 

* 

+5 

-5 

# 

+15 

-5 

* 


• 


* 



14 

11 




* 


+20 

0 

* 

* 


* 

* 

* 

+20 

0 



12 




+20 
- 0 

* 

+20 

0 

* 


* 

* 

* 

* 

+20 

0 


2 

1 





* 

+15 

-5 

* 

* 

* 

* 

* 

* 

* 


3 

2 






+1 

-5 

* 

* 

* 

* 


* 

* 


\ 

3 







* 

* 

* 

* 

* 

* 

* 

6 









0 


+5 


+ 15 










-20 


-5 


-5 




5 









* 

* 

* 

* 

+20 

0 

8 

6 










-20 

0 

* 

* 

+20 

0 


3 

7 











* 

+15 

-5 

* 

11 

8 












+ 1 

-5 

* 

12 

9 













* 


5 

9 













Ref 

Substrate 


LM3054 

TERMINAL NO. 
(Note 2) 

LM3026 

TERMINAL NO. 

•in 

mA 

•out 

mA 

13 

10 

5 

.1 

14 

11 

50 

.1 

1 

12 

50 

.1 

2 

1 

5 

.1 

3 

2 

5 

.1 

4 

3 

.1 

-50 

6 

4 

5 

.1 

7 

5 

50 

.1 

8 

6 

50 

.1 

9 

7 

5 

.1 

11 

8 

5 

.1 

12 

9 

.1 

50 


Note 1 : In the LM3026 terminal No. 9 is connected to the emitter of Q 4 , the reference substrate, and the case; therefore, the 
case should not be grounded. Two terminal 9 columns LM3026 appear in the voltage rating chart because it is a composite 
chart for both the LM3026 and the LM3054. Wherever an asterisk is shown in one column 9 and a rating is shown in the other 
column 9, the asterisk should be ignored. 

Note 2: Terminal No. 10 of LM3054 is not used. 

1‘LM3026; corresponding terminals for LM3054 are vertical terminal 2 and horizontal terminal 4. 

^Voltages are not normally applied between these terminals. Voltages appearing between these terminals will be safe if the 
specified limits between all other terminals are not exceeded. 
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LM3026 , LM3054 




LM3039 


Transistor/Diode Arrays 


LYS 


LM3039 diode array 
general description 

The LM3039 consists of six ultra-fast, low capaci- 
tance silicon diodes on a common monolithic sub- 
strate. Five of the diodes are independently acces- 
sible, the sixth shares a common terminal with the 
substrate. Integrated circuit construction assures 
excellent static and dynamic matching of the 
diodes, making the array extremely useful for a 
wide variety of applications in communication and 
switching systems. 

features 

■ Excellent reverse recovery time 1 ns typ 

■ Matched monolithic V F matched 

construction within 5 mV 


■ Low diode C D = .65 pF typ 

capacitance atV R =~2V 

applications 

■ Balanced modulators or demodulators 

■ Ring modulators 

■ High speed diode gates 

■ Analog switches 

For applications such as balanced modulators or 
ring modulators where capacitive balance is impor- 
tant, the substrate should be returned to a DC 
potential which is significantly more negative 
(with respect to the active diodes) than the peak 
signal applied. 
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absolute maximum ratings 






Power Dissipation 






Any One Diode 

100 mW 





Total For Device 

600 mW 





For T A > 55°C Derate Linearly 5.7 mW/°C 





Operating Temperature Range 

— 55°C to +125°C 





Storage Temperature Range 

— 65°C to +150°C 





Peak Inverse Voltage, PIV for: D1 — D5 

5V 





D6 

,5V 





Peak Diode to Substrate Voltage, V D , for D1 - D5 +20, -IV 





(Term. 1, 4, 5, 8 or 12 to Term. 10) 

DC Forward Current, l F 

25 mA 





Peak Recurrent Forward Current, If 

100 mA 





Peak Forward Surge Current, If (surge) 

100 mA 





electrical characteristics 






(T A = 25°C) Characteristics apply for each diode unit, unless otherwise specified. 




PARAMETER 

CONDITIONS 

MIN 

TYP 

MAX 

UNITS 


1 F = 50^A 


.65 

.69 

V 


1 mA 


.73 

.78 

V 

DC Forward Voltage Drop (V F ) 

3 mA 


.76 

.80 

V 


10 mA 


.81 

.90 

V 

DC Reverse Breakdown Voltage (V( BR)R ) 

1 R = - 1 0/i A 

5 

7 


V 

DC Reverse Breakdown Voltage Between Any 
Diode Unit and Substrate (V( BR ) R ) 

1 R = - 1 0/i A 

20 



V 

DC Reverse (Leakage) Current (l R ) 

> 

i 

ii 

cc 

> 


.016 

100 

nA 

DC Reverse (Leakage) Current Between Any 

< 

II 

1 

o 

< 


.022 

100 

nA 

Diode Unit and Substrate (l R ) 



Magnitude of Diode Offset Voltage (Difference 
in DC Forward Voltage Drops of Any Two 

Diode Units) (|V Fl -Vp 2 l) 

Temperature Coefficient of |V Fl - V F2 I 

l F = 1 mA 


.5 

5 

mV 

/aiv Fi -v F2 i\ 

l F = 1 mA 


1 


mv/°c 

V AT ) 






Temperature Coefficient of Forward Drop 






/A Vf \ 

l F = 1 mA 


-1.9 


mV/°C 

(at ) 






DC Forward Voltage Drop for Anode-to- 

l F = 1 mA 


.65 


V 

Substrate Diode (D s ) (V F ) 





Reverse Recovery Time (t rr ) 

1 F = 1 0 mA, 1 R = 10 m A 


1 


ns 

Diode Resistance (R D ) 

f= 1 kHz, l F * 1 mA 

25 

30 

45 

n 

Diode Capacitance (C D ) 

V R = -2V, 1 F = 0 


.65 


pF 

Diode-to-Substrate Capacitance (C D ,) 

V DI = +4V, Ip = 0 


3.2 


pF 
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LM3039 




LM3039 


typical performance characteristics 


DC Forward Voltage Drop 
(Any Diode) and Diode 
Offset Voltage vs DC 
Forward Current 


DC Reverse (Leakage) Current 
(Diodes 1,2,3, 4, 5) vs 
Temperature 


DC Reverse (Leakage) Current 
Between Diodes (1, 2, 3, 4, 5) 
and Substrate vs Temperature 


— n mini — — t" 

Ta = 25°C I 

■ 

. 1111 . .. Lr* 

i 

miippiiafli 

111 


111 



I 

IVfi - V F2 1 - DIODE OFFSET (mV) t 

i 1 1 mil 1 1 1 miiLxK 

i 1 1 1 lllll 1 1 1 Him 1 1 



0.1 1 
-DC FORWARD (mA) 


Diode Offset Voltage (Any 
Diode) vs Temperature 


-75 -50 -25 0 25 50 75 100 125 

T a - AMBIENT TEMPERATURE (°C) 


DC Forward Voltage Drop 
(Any Diode) vs Temperature 


-75 -50 -25 0 25 50 75 100 125 

T a - AMBIENT TEMPERATURE (°C) 


Diode Resistance (Any Diode) 
vs DC Forward Current 






If 


mA __ 


■ 

■ — 















i 













1 mP 




■ — 

— 

- 

| F = 0.1 n 

iA J 


h 






r~ 



> 

N 

v 



If 

= 1 it 

A 



A 











\ 

N 









's 







t 





T a = 25°C 
f = 1 kHz 


-75 -50 -25 0 25 50 75 100 125 

T a - AMBIENT TEMPERATURE (°C) 


Diode Capacitance (Diodes 
1, 2, 3, 4, 5) vs Reverse 
Voltage 


-75 -50 -25 0 25 50 75 100 125 

T a - AMBIENT TEMPERATURE (°C) 


Diode-to-Substrate 
Capacitance vs 
Reverse Voltage 


0.1 1 10 
l F - DC FORWARD (mA) 






“ 

Ta 

r~r" 

= 25°C 






If 

= 0 




























" 

— 

— 

— 

— 

— 





— 


— 

Ta 

rr~ 

= 25°C 

s! 





If 

= 0 








' 










— — ■ 






1 








i 












0 12 3 4 

V R - DC REVERSE VOLTS ACROSS DIODE 


DC REVERSE VOLTS (V R ) BETWEEN TERMINALS 1, 4, 5, 1 
OR 12 AND SUBSTRATE (TERMINAL 10) 
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IMS Transistor/Diode Arrays 

LM3045, LM3046, LM3086 transistor arrays 


general description 

The LM3045 t LM3046, and LM3086 each consist 
of five general purpose silicon NPN transistors on 
a common monolithic substrate. Two of the tran- 
sistors are internally connected to form a differ- 
entially-connected pair. The transistors are well 
suited to a wide variety of applications in low 
power system in the DC through VHF range. They 
may be used as discrete transistors in conventional 
circuits however, in addition, they provide the 
very significant inherent integrated circuit advan- 
tages of close electrical and thermal matching. The 
LM3045 is supplied in a 14-lead cavity dual-in-line 
package rated for operation over the full military 
temperature range. The LM3046 and LM3086 are 
electrically identical to the LM3045 but are 
supplied in a 14-lead molded dual-in-line package 
for applications requiring only a limited temper- 
ature range. 


features 

■ Two matched pairs of transistors 

V BE matched ±5 mV 

Input offset current 2piA max at l c = 1 mA 

■ Five general purpose monolithic transistors 

■ Operation from DC to 120 MHz 

■ Wide operating current range 

■ Low noise figure 3.2 dB typ at 1 kHz 

■ Full military 

temperature range (LM3045) - 55°C to +125°C 

applications 

■ General use in all types of signal processing 
systems operating anywhere in the frequency 
range from DC to VHF 

■ Custom designed differential amplifiers 

■ Temperature compensated amplifiers 


schematic and connection diagram 

Dual-ln-Line Package 


SUBSTRATE 



Order Number LM3046N or LM3086N 
See Package 22 
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LM3045 , LM3046 , LM3086 


absolute maximum ratings (t a = 25°c) 



LM3045 

LM3046/LM3086 



Each Total 

Each 

Total 

Units 


Transistor Package 

Transistor 

Package 

Power Dissipation: 





T a = 25° C 

300 750 

300 

750 

mW 

T a = 25° C to 55° C 


300 

750 

mW 

T a > 55°C 


Derate at 6.67 

mW/°C 

T a = 25° C to 75° C 

300 750 



mW 

T a > 75°C 

Derate at 8 



mW/°C 

Collector to Emitter Voltage, V CEO 

15 

15 


V 

Collector to Base Voltage, V CBO 

20 

20 


V 

Collector to Substrate Voltage, V c(0 (Note 1) 

20 

20 


V 

Emitter to Base Voltage, V EBO 

5 

5 


V 

Collector Current, l c 

50 

50 


mA 

Operating Temperature Range 

-55°Cto+125°C 

0°C to +85° C 


Storage Temperature Range 

-65°C to +1 50°C 

— 25°C to +85° C 


Lead Temperature (Soldering, 10 sec) 

300 

300 


°C 


electrical characteristics <t a = 25°C unless otherwise specified) 




LIMITS 

LIMITS 


PARAMETER 

CONDITIONS 

LM3045, LM3046 

LM3086 

UNITS 



MIN 

TYP 

MAX 

MIN 

TYP 

MAX 


Collector to Base Breakdown Voltage ( V (bfocbo) 

l c = 10/iA, l E = 0 

20 

60 


20 

60 


V 

Collector to Emitter Breakdown Voltage (V (BR)CEO ) 

lc = 1 mA, 1 b = 0 

15 

24 


15 

24 


V 

Collector to Substrate Breakdown Voltage 

IV(BR)Clo) 

lc = 10 m A, 1 c ) = 0 

20 

60 


20 

60 


V 

Emitter to Base Breakdown Voltage (V (BR)EBO ) 

l E = 10pA, t c = 0 

5 

7 


5 

7 


V 

Collector Cutoff Current (l CBO ) 

V CB = 10V, l E = 0 


.002 

40 


.002 

100 

nA 

Collector Cutoff Current (l CEO ) 

V CE = 10V, l B = 0 



.5 



5 

HA 


(l c = 10 mA 


100 



100 





40 


40 



Beta) (h FE ) 

= 3 V | \q = 1 mA 
|l c = 10 juA 

100 

54 


100 

54 



Input Offset Current for Matched Pair and Q 2 

1*01 ~ • 102 1 

V C e = 3V, l c =1mA 


.3 

2 




HA 


|I F = 1 mA 


.715 



.715 



Base to Emitter Voltage (V BE ) 



.800 



.800 


V 

Magnitude of Input Offset Voltage for 

Differential Pair IV BE1 - V BE2 I 

V CE = 3V, l c = 1 mA 


.45 

5 




mV 

Magnitude of Input Offset Voltage for Isolated 
Transistors IV BE 3 — V BE 4 l, IV BB 4 ~V BE 5 l, 

' V BE5 " V B E3 1 

V CE = 3V, l c =1mA 


.45 

5 




mV 

Temperature Coefficient of Base to Emitter 









Voltage 

V CE = 3V, l c = 1 mA 


-1.9 



-1.9 


mV/°C 

Collector to Emitter Saturation Voltage (V CE ( SAT) ) 

Temperature Coefficient of Input Offset 

l B = 1 mA, l c = 10 mA 


.23 



.23 


V 

Voltage (^) 

V CE = 3V, l c =1mA 


1.1 





/JV/°C 


Note 1: The collector of each transistor of the LM3045, LM3046, and LM3086 is isolated from the substrate by an integral 
diode. The substrate (terminal 13) must be connected to the most negative point in the external circuit to maintain isolation 
between transistors and to provide for normal transistor action. 
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electrical characteristics (con't) 


PARAMETER 

CONDITIONS 

MIN 

TYP 

MAX 

UNITS 

Low Frequency Noise Figure (NF) 

f = 1 kHz, V CE - 3V, l c = 100mA 
R s = 1 kft 


3.25 


dB 

Low Frequency, Small Signal Equivalent Circuit Characteristics: 1 





Forward Current Transfer Ratio (hf e ) 



110 (LM3045, LM3046) 






(LM3086) 



Short Circuit Input Impedance (h ie ) 

f = 1 kHz, V CE = 3V, l c = 1 mA 


3.5 


kf2 

Open Circuit Output Impedance (h oe ) 


15.6 


jumho 

Open Circuit Reverse Voltage Transfer Ratio (h re ) 



1.8x10 -4 



Admittance Characteristics: 

Forward Transfer Admittance (Y fe ) 

Input Admittance (Y ie ) 

f = 1 MHz, V CE = 3V, l c =1mA 


31 -j 1.5 

0.3+j 0.04 



Output Admittance (Y oe ) 


0.001+j 0.03 



Reverse Transfer Admittance (Y re ) 



See curve 



Gain Bandwidth Product (f T ) 

V ce = 3V, l c = 3 mA 

300 

550 



Emitter to Base Capacitance (C EB ) 

V EB = 3V, l E = 0 


.6 


pF 

Collector to Base Capacitance (C CB ) 

V cb = 3V, l c = 0 


.58 


pF 

Collector to Substrate Capacitance (C c) ) 

V CS = 3V. I c = 0 

1 

2.8 


pF 


typical performance characteristics 


Typical Collector To Base 
Cutoff Current vs Ambient 
Temperature for Each 
Transistor 


Typical Collector To Emitter 
Curoff Current vs Ambient 
Temperature for Each 
Transistor 



25 50 75 100 125 



T a - AMBIENT TEMPERATURE (°C) 


T a - AMBIENT TEMPERATURE ( C) 


Typical Static Forward 
Current-Transfer Ratio and 
Beta Ratio for Transistors Q-| 
and Q2 vs Emitter Current 



.01 .1 1 10 
l E - EMITTER (mA) 


Typical Input Offset Current 
for Matched Transistor Pair 
Ql Q2 vs Collector Current 



.01 .1 1 10 
l c - COLLECTOR (mA) 


Typical Static Base To Emitter 
Voltage Characteristic and Input 
Offset Voltage for Differential 
Pair and Paired Isolated 



.1 1 
l E - EMITTER (mA) 
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LM3045 , LM3046 , LM3086 


typical performance characteristics (con't) 


Typical Base To Emitter 
Voltage Characteristic for 
Each Transistor vs Ambient 
Temperature 



-75 -50 -25 0 25 50 75 100 125 

T a - AMBIENT TEMPERATURE (C) 


Typical Input Offset Voltage 
Characteristics for Differential 
Pair and Paired Isolated 
T ransistors vs Ambient 
Temperature 
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-75 -50 -25 0 25 50 75 100 125 

T a - AMBIENT TEMPERATURE (°C) 


Typical Noise Figure vs 
Collector Current 


VCE 
Rs = 

= 3V ' 
500n 

1 


1 

Ta = 



25° C 
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l c - COLLECTOR (mA) 


Typical Noise Figure vs 
Collector Current 

30 — i TiTTim — r~r 

V ce = 3V 

25 -R s = 1000n 

^ 25° C 



Typical Noise Figure vs 
Collector Current 

30 1 I 1 1 1 1 1 1 r~ n 

V CE = 3V 

25 R s = io,ooon 

T a = 25°C 


Typical Normalized Forward 
Current Transfer Ratio, Short 
Circuit Input Impedance, 

Open Circuit Output Impedance, 
and Open Circuit Reverse 
Voltage Transfer Ratio vs 
Collector Current 



l c - COLLECTOR (mA) 


l c - COLLECTOR (mA) 


.01 .1 1 

l c - COLLECTOR (mA) 


Typical Forward Transfer 
Admittance vs Frequency 


Typical Input Admittance 
vs Frequency 


Typical Output Admittance 
vs Frequency 





f- FREQUENCY (MHz) 


f- FREQUENCY (MHz) 


f -FREQUENCY (MHz) 
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SUSCEPTANCE (mmhos) 


typical performance characteristics (con't) 


Typical Reverse Transfer 
Admittance vs Frequency 



f- FREQUENCY (MHz) 


Typical Gain-Bandwidth 
Product vs Collector Current 



0 1 23456789 10 

l c - COLLECTOR (mA) 
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LM3118/LM3118A 



Transistor/Diode Arrays 


LM3118/LM3118A matched monolithic high voltage transistor arrays 


general description 

The LM31 18/LM31 18A consist of four general pur- 
pose high voltage silicon NPN transistors on a com- 
mon monolithic substrate. Two of the four transistors 
are connected in the Darlington configuration. The sub- 
strate is connected to a separate terminal for maximum 
flexibility. The transistors are well suited to a wide 
variety of applications in low-power systems in the dc 
through VHF range. They may be used as discrete tran- 
sistors in conventional circuits but in addition they 
provide the advantages of close electrical and thermal 
matching inherent in integrated circuit construction. 

features 

■ High voltage matched monolithic general purpose 
transistors 

■ h FE matched ±10% 


■ V BE matched ±5 mV 

■ Operation from dc to 120 MHz 

■ Wide operating current range 

■ Low noise figure 3.2 dB typ at 1 kHz 

■ Full military temperature 

range capabi I ity -55° C to +1 25° C 

applications 

■ General use in signal processing systems in dc through 
VHF range 

■ Custom designed differential amplifiers 

■ Temperature compensated amplifiers 


connection diagram 


Metal Can Package 



CASE AND 
SUBSTRATE 


Order Number LM3118H or LM3118AH 
See Package 7 
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absolute maximum ratings 


Power Dissipation (Note 1) 

Any One Transistor 
Total Package 

Operating Temperature Range 
Storage Temperature Range 
Collector to Emitter Voltage, V CEO 
Collector to Base Voltage, V C bo 
Collector to Substrate Voltage, V c)0 (Note 2) 
Emitter to Base Voltage, V EBO (Note 3) 
Collector Current, l c 

Lead Temperature (Soldering, 10 seconds) 


LM3118A 

LM3118 


Each Transistor 

Each Transistor 

Units 

300 

300 

mW 

450 

450 

mW 

-55°Cto+125°C 

-55°Cto+125°C 


-65°Cto+150°C 

-€5°C to +1 50°C 


40 

30 

V 

50 

40 

V 

50 

40 

V 

5 

5 

V 

50 

50 

mA 

300 

300 

°C 


dc electrical characteristics t a = 25°c 


PARAMETER 

Collector Cutoff Current (Icbo) 
Collector Cutoff Current Oceo) 

Collector Cutoff Current Darlington 
Pair ( I ceod ) 

Collector to Emitter Breakdown 
Voltage (V(br)ceo) 

Collector to Base Breakdown 
Voltage (V(br)cbo) 

Emitter to Base Breakdown 
Voltage (V(br)ebo) (Note 3) 

Collector to Substrate Breakdown 
Voltage (V(br)cio) 

Collector to Emitter Saturation 
Voltage (V CE(SAT )) 

Static Forward Current Transfer 
Ratio (h FE ) 

Magnitude of Static Beta Ratio 
(Isolated Transistors Q1 and Q2) 

Static Forward Current Transfer 
Ratio Darlington Pair (Q3 and Q4) 
(Iifed) 

Base to Emitter Voltage (V B e ) 

Input Offset Voltage (I V b ei “ V B e2 I) 

Temperature Coefficient Base to 
Emitter Voltage Q1, Q2 
(IAV be I/AT) 

Base (Q3) to Emitter (Q4) Voltage 
Darlington Pair [V B ed (Vg.i)] 

Temperature Coefficient Base to 
Emitter Voltage Darlington Pair 
03, Q4 (IAV bed I/AT) 

Temperature Coefficient Magnitude 
of Input Offset Voltage 
(IVbei -V B e 2 I/AT) 


CONDITIONS 

LM3118A 

LM3118 ] 


MIN 

TYP MAX 

MIN 

TYP MAX 

'cb = 10V, I e =0 


0.002 100 


0.002 100 

'ce = 10V, l B =0 


5 


5 

'ce = 10V, l B =0 


5 



2 ~ 1 mA, 1 g = 0 

40 

56 

30 

56 

; = 1 0/i A, 1 E = 0 

50 

72 

40 

72 

E = 10// A, l c = 0 

5 

7 

5 

7 

ci = 1 0//A, 1 b = 0, 

50 

72 

40 

72 

E =0 





B = 1 mA, l c = 10 mA 


0.33 


0.33 

' CE = 5V, l c = 10 mA 


85 


85 

'ce = 5V. l c =1mA 

30 

100 

30 

100 

'ce = 5V, l c = 10/uA 


90 


90 

'ce = 5V, I C1 = l C2 = 

0.9 

1.0 1.1 

0.9 

1.0 1.1 

mA 





'ce = 5V, l c = 1 mA 

1500 

9000 

1500 

9000 


V CE = 3V, l E = 1 mA 
V CE = 5V, l E = 1 mA 
V CE = 5V, l E = 1 mA 


V CE = 5V, l E = 10 mA 
V CE = 5V, l E = 1 mA 

V C e = 5V, l E = 1 mA 


V C e = 5V, 

Id = Ic2 = 1 mA 


0.63 0.73 0.83 0.63 0.73 0.83 


LM3118/LM3118A 



LM3118/LM3118A 


ac electrical characteristics t a = 25°c 




LIMITS 


PARAMETER 

CONDITIONS 

LM3118A 

LM3118 

UNITS 



MIN 

TYP 

MAX 

MIN 

TYP 

MAX 


Low Frequency Noise Figure (NF) 

f= 1 kHz, V CE = 5V, 
l c = lOOpA, Source 
Resistance = 1 k£2 


3.25 

■ 


3.25 

■ 


Gain Bandwidth Product (f T ) 

V CE = 5V, l c = 3mA 

300 

500 

I 


500 

■ 


Emitter to Base Capacitance (C EB ) 

V eb = 5V, I e =0 


0.70 



0.70 

■ 


Collector to Base Capacitance (C CB ) 

Vcb “ 5V, Iq = 0 


0.37 

II 


0.37 

■ 


Collector to Substrate Capacitance 
(C C |) 

V C i = 5V, l c j= 0 


2.2 



2.2 



LOW FREQUENCY, SMALL SIGNAL EQUIVALENT CIRCUIT CHARACTERISTICS 

Forward Current Transfer Ratio (h fe ) 

f = 1 kHz, V CE = 5V, 
l c = 1 mA 


100 



100 



Short Circuit Input Impedance (h, e ) 

f = 1 kHz, V CE = 5V, 
l c = 1 mA 


2.7 



3.5 


k n 

Open Circuit Output Impedance (h oe ) 

f= 1 kHz, V C E = 5V, 
l c = 1 mA 


15.6 



15.6 


pmho 

Open Circuit Reverse Voltage 

Transfer Ratio (h re ) 

f= 1 kHz, V CE =5V, 
l c = 1 mA 


1.8 x 

io - 4 



1.8 x 

io - 4 



ADMITTANCE CHARACTERISTICS 

Forward Transfer Admittance (Y fe ) 

f = 1 MHz, V CE = 5V, 
l c = 1 mA 


31 - 
j 15 



31 - 
j 1.5 


mmho 

Input Admittance (Y ie ) 

f = 1 MHz, V C E = 5V, 
l c = 1 mA 


0.35 + 
j 0.04 



0.3 + 
j 0.04 


mmho 

Output Admittance (Y oe ) 

f = 1 MHz, V CE = 5V, 

1 q = 1 mA 


0.001 + 
j 0.03 



0.001 + 
j 0.03 


mmho 

Reverse Transfer Admittance (Y re ) 

f = 1 MHz, V C E = 5V, 

1 c = 1 mA 


(Note 4) 



(Note 4) 


mmho 


Note 1: Derate at 5 mW/ C for T/^ > +85 C. 

Note 2: The collector of each transistor is isolated from the substrate by an integral diode. The substrate must be connected to a voltage which is 
more negative than any collector voltage in order to maintain isolation between transistors and provide normal transistor action. To avoid un- 
desired coupling between transistors, the substrate terminal should be maintained at either dc or signal (ac) ground. A suitable bypass capacitor can 
be used to establish a signal ground. 

Note 3: If the transistors are forced into zener breakdown (V(br)EBO) degradation of forward transfer current ratio (hpE) can occur. 

Note 4: See curve. 


typical performance characteristics 


*ceo vs f° r 

Tansistor 


■CBO vs t A for Any 
Transistor 


h FE vs *C for Any 
Transistor 



10 2 

io 1 


g 160 

oc 


== 

=== 

SHSSi^H 



5 140 

GO 

1 

io 1 



r fjSm 

< 120 
GC 



= 

^ 100 


- 

— 

g 80 

10- 2 

—— 



o 60 

10 3 

10 4 




DC 

l 40 




O 

CJ 20 



25 50 75 100 125 

- AMBIENT TEMPERATURE (°C) 


I 25 50 75 100 125 

T a - AMBIENT TEMPERATURE (°C) 


0.01 0.1 1 10 
l c - COLLECTOR CURRENT (mA) 
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BASE-TO-EMITTER (V) DARLINGTON PAIR (V) V eE - BASE TO EMITTER (V) 
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Transistor/Diode Arrays 


LM3145/LM3145A, LM3146/LM3146A high voltage transistor arrays 


general description 

The LM3145/LM3145A and LM3146/LM3146A each 
consist of five high voltage general purpose silicon NPN 
transistors on a common monolithic substrate. Two of 
the transistors are internally connected to form a differ- 
entially-connected pair. The transistors are well suited to 
a wide variety of applications in low power system in 
the dc through VHF range. They may be used as dis- 
crete transistors in conventional circuits however, in 
addition, they provide the very significant inherent inte- 
grated circuit advantages of close electrical and thermal 
matching. The LM3145 and LM3145A are each supplied 
in a 14-lead cavity dual-in-line package rated for opera- 
tion over the full military temperature range. The 
LM3146 and LM3146A are electrically identical to the 
LM3145 and LM3145A respectively but are supplied in 
a 14-lead molded dual-in-line package for applications 
requiring only a limited temperature range. 


features 

■ High voltage matched pairs of transistors, VgE 
matched ±5 mV, input offset current 2/iA max at 
l c = 1 mA 

■ Five general purpose monolithic transistors 

■ Operation from dc to 120 MHz 

■ Wide operating current range 

■ Low noise figure 3.2 dB typ at 1 kHz 

■ Full military temperature 

range (LM3145) -55°C to +125°C 

applications 

■ General use in all types of signal processing systems 
operating anywhere in the frequency range from dc to 
VHF 

■ Custom designed differential amplifiers 

■ Temperature compensated amplifiers 


connection diagram 


Dual-In-Line Package 


SUBSTRATE 



Order Number LM3145D or Order Number LM3146N or 

LM3145AD LM3146AN 

See Package 1 See Package 22 
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LM3145/LM3145A, LM3146/LM3146A 


absolute maximum ratings 


LM3145A LM3145 LM3146A LM3146 


UNITS 


Power Dissipation: Each Transistor 
T a = 25° C to 55° C 
T a > 55° C 
T a = 25° C to 75° C 
T a > 75°C 

Power Dissipation: Total Package 
T a = 25°C 
T a > 25°C 
T a = 25° C to 75° C 
T a > 75° C 

Collector to Emitter Voltage, V CEO 

Collector to Base Voltage, V CBO 

Collector to Substrate Voltage, V clo (Note 1) 

Emitter to Base Voltage, V EBO (Note 2) 

Collector Current, l c 

Operating Temperature Range 

Storage Temperature Range 

Lead Temperature (Soldering, 10 seconds) 


300 300 

Derate at 8.0 


750 750 

Derate at 8.0 
40 30 

50 40 

50 40 

5 5 

50 50 

— 55°C to +125°C 
-65°C to +1 50°C 
300 


300 300 mW 

Derate at 6.67 mW/°C 

mW 
mW/°C 

500 500 mW 

Derate at 6.67 mW/°C 

mW 
mW/°C 

40 30 V 

50 40 V 

50 40 V 

5 5 V 

50 50 mA 

-40° C to +85° C 
-65° C to +150°C 

300 °C 


dc electrical characteristics t a = 25°c 




| LIMITS | 


PARAMETER 

CONDITIONS 

| LM3145A, LM3146A | 

LM3145, LM3146 j 

UNITS 



MIN 

TYP 

MAX 

MIN 

TYP 

MAX 


Collector to Base Breakdown 

Voltage (V( BR ) CBO ) 

I c = 10mA, i e =o 

50 

72 


40 

72 


V 

Collector to Emitter Breakdown 
Voltage (Vjbfoceo) 

1 £ = 1 mA, 1 g ~ 0 

40 

56 


30 

56 


V 

Collector to Substrate Breakdown 

lei = 10/iA, l B = 0, 

50 

72 


40 

72 


V 

Voltage (V(br)cio ) 

Ie =0 








Emitter to Base Breakdown Voltage 
(V(br)ebo) (Note 2) 

l c = 0, l E = 10/uA 

5 

7 


5 

7 


V 

Collector Cutoff Current (l CBO ) 

V CB = 10V, l E =0 



100 


0.002 

100 

nA 

Collector Cutoff Current Oceo) 

V CE = 10V, l B = 0 


(Note 3) 

5 


(Note 3) 

5 

juA 

Static Forward Current Transfer 

l c = 10 mA, V CE = 5V 


85 



85 



Ratio (Static Beta) (h FE ) 

l c = 1 mA, V CE = 5V 

30 

100 


30 

100 




I c = 10mA, V ce = 5V 


90 



90 



Input Offset Current for Matched 

1 c 1 = Ic 2 = 1 m A, 


0.3 

2 


0.3 

2 

juA 

Pair Q1 and Q2 ll B1 - l B2 l 

V CE = 5V 








Base to Emitter Voltage (V BE ) 

l c = 1 mA, V CE = 3V 

0.63 

0.73 

0.83 

0.63 

0.73 

0.83 

V 

Magnitude of Input Offset Voltage 
for Differential Pair |V BE1 - V BE2 I 

V CE = 5V, l E = 1 mA 


0.48 

5 

i 


0.48 

5 

mV 

Temperature Coefficient of Base 
to Emitter Voltage (AV BE /AT) 

V CE = 5V, l E = 1 mA 


-1.9 



-1.9 


mV/° C 

Collector to Emitter Saturation 
Voltage (V CE(SAT )) 

l c = 10 mA, l B = 1 mA 





0.33 


V 

Temperature Coefficient of Input 
Offset Voltage (AV 10 /AT) 

l c = 1 mA, V CE = 5V 




i 

1.1 


MV/°C 


Note 1: The collector of each transistor is isolated from the substrate by an integral diode. The substrate must be connected to a voltage which is 
more negative than any collector voltage in order to maintain isolation between transitors and provide normal transistor action. To avoid undesired 
coupling between transistors, the substrate terminal should be maintained at either dc or signal (ac) ground. A suitable bypass capacitor can be 
used to establish a signal ground. 

Note 2: If the transistors are forced into zener breakdown (V(br)ebo)' degradation of forward transfer current ratio (hpE) can occur. 

Note 3: See curve. 
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ac electrical characteristics 




| LIMITS | 


PARAMETER 

CONDITIONS 

| LM3145A, LM3146A | 

LM3145, LM3146 

UNITS 



MIN 


MAX 

MIN 

TYP 

MAX 


Low Frequency Noise Figure (NF) 

f = 1 kHz, V CE = 5V, 
l c = IOOmA. R s = 1 kS2 


3.25 



3.25 


dB 

Gain Bandwidth Product (f T ) 

V C e = 5V. I c = 3mA 

300 






MHz 

Emitter to Base Capacitance (C E b) 

o 

ii 

UJ 

> 

in 

CO 

UJ 

> 


0.70 



0.70 


pF 

Collector to Base Capacitance (C CB ) 

V CB = 5V, l c = 0 


0.37 



0.37 


pF 

Collector to Substrate Capacitance 
(C C i) 

V c , = 5V, l c = 0 


2.2 



2.2 


pF 


LOW FREQUENCY. SMALL SIGNAL EQUIVALENT CIRCUIT CHARACTERISTICS 



Forward Transfer Admittance (Y fe ) 

f = 1 MHz, V CE = 3V, 
l c .= 1 mA 


31 - 
j 1-5 



31 - 
j 1.5 


mmho 

Input Admittance (Y ie ) 

f= 1 MHz, V CE = 3V, 
l c = 1 mA 


0.35 + 
j 0.04 



0.3 + 
j 0.04 


mmho 

Output Admittance (Y oe ) 

f= 1 MHz, V CE = 3V, 

1 q = 1 mA 


0.001 + 
j 0.03 



0.001 + 
j 0.03 


mmho 

Reverse Transfer Admittance (Y re ) 

f = 1 MHz, V CE =3V, 
lc = 1 mA 


(Note 3) 



(Note 3) 


mmho 


Note 1: The collector of each transistor is isolated from the substrate by an integral diode. The substrate must be connected to a voltage which is 
more negative than any collector voltage in order to maintain isolation between transitors and provide normal transistor action. To avoid undesired 
coupling between transistors, the substrate terminal should be maintained at either dc or signal (ac) ground. A suitable bypass capacitor can be 
used to establish a signal ground. 

Note 2: If the transistors are forced into zener breakdown (V(br)eBO)' degradation of forward transfer current ratio (hpE) can occur. 

Note 3: See curve. 
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LM3145/LM3145A, LM3146/LM3146A 
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IMS Analog Switches 

AH0014/ AH0014C* DPDT. AH0015/AH0015C quad SPST, 
AH0019/AH0019C* dual DPST-TTL/DTL compatible 


MOS analog switches 
general description 

This series ot TTL/DTL compatible MOS analog 
switches feature high speed with internal level 
shifting and driving. The package contains two 
monolithic integrated circuit chips: the MOS ana- 
log chip is similar to the MM450 type which 
consists of four MOS analog switch transistors; 
the second chip is a bipolar I.C. gate and level 
shifter. The series is available in both hermetic 


dual-in-line package and flatpack. 

features 

■ Large analog voltage switching ±10V 

■ Fast switching speed 500 ns 

■ Operation over wide range of power supplies 

■ Low ON resistance 200H 

■ High OFF resistance lO 11 ^ 


■ Fully compatible with DTL or TTL logic 

■ Includes gating and level shifting 

These switches are particularly suited for use 
in both military and industrial applications such 
as commutators in data acquisition systems, multi- 
plexers, A/D and D/A converters, long time 
constant integrators, sample and hold circuits, 
modulators/demodulators, and other analog signal 
switching applications. For information on other 
National analog switches and analog interface ele- 
ments, see listing on last page. 

The AH0014, AH0015 and AH0019 are specified 
for operation over the -55°C to +125°C military 
temperature range. The AH0014C, AH0015C and 
AH0019C are specified for operation over the 
-25°C to +85°C temperature range. 


block and connection diagrams 



Order Number AH0014F or AH0014CF 
See Package 4 
Quad SPST 




Note: Ail logic inputs shown at logic "1." 

Order Number AH0015D or AH0015CD 
See Package 2 


typical applications 

I ntegrator 



‘Previously called NH0014/NH0014C and NH0019/NH0019C 



Order Number AH0014D or AH0014CD 
See Package 1 
Dual DPST 



Order Number AH0019F or AH0019CF 
See Package 4 

Order Number AH0019D or AH0019CD 
See Package 1 


Reset Stabilized Amplifier 
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AH0014/AH0014C , AH0015/AH0015C , AH0019/AH0019C 




AH0014/AH0014C, AH0015/AH0015C. AH0019/AH0019C 


absolute maximum ratings 




V cc Supply Voltage 

7.0 V 




V" Supply Voltage 

-30V 




V + Supply Voltage 

+30V 




V + /V~ Voltage Differential 

40V 




Logic Input Voltage 

5.5 V 




Storage Temperature Range 

-65° C to +150°C 




Operating Temperature Range 





AH0014, AH 00 15, AH0019 

-55°C to +125°C 




AH0014C, AH0015C, AH0019C 

-25°C to +85°C 




Lead Temperature (Soldering, 10 sec) 

300°C 




electrical characteristics 

(Notes 1 and 2) 




PARAMETER 

CONDITIONS 

MIN 

TYP 

MAX 

UNITS 

Logical "1" Input Voltage 

V CC = 4.5V 

2.0 



V 

Logical "0” Input Voltage 

V cc = 4.5V 



0.8 

V 

Logical "1” Input Current 

V cc = 5.5V V IN = 2.4V 



5 

/iA 

Logical "I” Input Current 

V cc = 5.5V V, n = 5.5V 



1 

mA 

Logical "0" Input Current 

V cc = 5.5V V, N = 0.4V 


0.2 

0.4 

mA 

Power Supply Current Logical "1” 

V cc = 5.5V V IN = 4.5V 


0.85 

1.6 

mA 

Input - each gate (Note 3) 






Power Supply Current Logical ”0" 

V cc = 5.5V V, N = 0V 





Input - each gate (Note 3) 






AH0014, AH0014C 



1.5 

3.0 

mA 

AH0015, AH0015C 



0.22 

0.41 

mA 

AH0019, AH0019C 



0.22 

0.41 

mA 

Analog Switch ON Resistance - each gate 

V IN (Analog) = +10V 


75 

200 

ft 


V, N (Analog) = -10V 


150 

600 

ft 

Analog Switch OFF Resistance 



10 11 


ft 

Analog Switch Input Leakage Current — 

V, N = -10V 





each input (Note 4) 






AH0014, AH0015, AH0019 

T a = 25°C 


25 

200 

pA 


T A = 125°C 


25 

200 

nA 

AH0014C, AH0015C, AH0019C 

T a = 25°C 


0.1 

10 

nA 


T a = 70° C 


30 

100 

nA 

Analog Switch Output Leakage 

V O ut = -10V 





Current — each output (Note 4) 






AH0014, AH0015, AH0019 

T a = 25°C 


40 

400 

PA 


T a = 125°C 


40 

400 

nA 

AH0014C, AH0015C, AH0019C 

T a = 25°C 


0.05 

10 

nA 


T a = 70° C 


4 

50 

nA 

Analog Input (Drain) Capacitance 

1 MHz @ Zero Bias 


8 

10 

PF 

Output Source Capacitance 

1 MHz @ Zero Bias 


11 

13 

pF 

Analog Turn-OFF Time - t OFF 

See test circuit; T A = 25°C 


400 

500 

ns 

Analog Turn-ON Time - t ON 

See test circuit; T A = 25°C 





AH0014, AH0014C 



350 

425 

ns 

AH0015, AH0015C 



100 

150 

ns 

AH0019, AH0019C 



100 

150 

ns 

Notel: Min/max limits apply across the guaranteed temperature range of -55°C to +125°C for 



AH0014, AH0015, AH0019 and -25°C to +85°C for AH0014C, AH0015C, AH0019C. V' 

= -20V. 



V + = +10V and an analog test current of 1 mA unless otherwise specified. 




Note 2: All typical values are measured at Ta 

= 25° C with V CC = 5.0V. V + = +10V, V~ 

= -22V. 



Note 3: Current measured is drawn from V^C supply. 




Note 4: All analog switch pins except measurement pin are tied to V + . 
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analog switch characteristics (Note 2 ) 



-55°C -15° 25° 65° 105° 

AMBIENT TEMPERATURE (°C) 



-55° -15° 25° 65° 105° 

AMBIENT TEMPERATURE (°C> 



-55° -15° 25° 65° 105° 

AMBIENT TEMPERATURE (°C) 


Cjn vsV|N 



-10 -8 -6 -4 -2 0+2 +4 +6 +8 +10 



+10 0 -10 



0 0.5 1.0 1.5 2.0 2.5 3.0 3.5 


ANALOG V, N (V) 


ANALOG V IN (V) 


INPUT VOLTAGE (V) 



selecting power supply voltage 

The graph shows the boundary conditions which 
must be used for proper operation of the unit. 
The range of operation for power supply V" is 
shown on the X axis. It must be between -25V 
and -8V. The allowable range for power supply 
V + is governed by supply V“. With a value chosen 
for V", V + may be selected as any value along a 
vertical line passing through the V~ value and 
terminated by the boundaries of the operating 
region. A voltage difference between power sup- 
plies of at least 5V should be maintained for 
adequate signal swing. 




7-3 


AH0014/AH0014C , AH0015/AH0015C, AH0019/AH0019C 



AH0120/ AH0130 / AH0140 / AH0150 / AH0160 Series 


DBS Analog Switches 


AH0120/AH0130/AH0140/AH0150/AH0160 
series analog switches 


general description 

The AH0100 series represents a complete family 
of junction FET analog switches. The inherent 
flexibility of the family allows the designer to 
tailor the device selection to the particular appli- 
cation. Switch configurations available include dual 
DPST, dual SPST, DPDT, and SPDT. r ds(ON) ranges 
from 10 ohms through 100 ohms. The series is 
available in both 14 lead flat pack and 14 lead 
cavity DIP. Important design features include: 

■ TTL/DTL and RTL compatible logic inputs 

■ Up to 20V p-p analog input signal 

■ r ds(ON ) less than 10 £2 (AH0140, AH0141, 
AH0145, AH0146) 

■ Analog signals in excess of 1 MHz 

■ "OFF" power less than 1 mW 


■ Gate to drain bleed resistors eliminated 

■ Fast switching, t 0 N |S typically .4 jus, t 0 FF is 
1.0 /is 

■ Operation from standard op amp supply volt- 
ages, ±15V, available (AH0150/AH0160 series) 

■ Pin compatible with the popular DG 100 series. 

The AH0100 series is designed to fulfill a wide 
variety of analog switching applications including 
commutators, multiplexers, D/A converters, sample 
and hold circuits, and modulators/demodulators. 
The AH0100 series is guaranteed over the tempera- 
ture range -55°C to +125°C; whereas, the 
AH0100C series is guaranteed over the temperature 
range -25°C to +85°C. 


schematic diagrams 


DUAL DPST and DUAL SPST 


DPDT (diff.) and SPDT (diff.) 



Note: Dotted line portions are not applicable to the dual SPST. 


Note: Dotted line portions are not applicable to the SPDT (differential). 


logic and connection diagrams 

Order any of the devices below using the part number with a D or F suffix. See Packages 1 and 4. 


DUAL DPST 


DUAL SPST 


DPDT (Diff) 


SPDT (Diff) 





HIGH LEVEL (±10V) 
AH0140 (ion) 
AH0129 (30n) 
AH0126 (80n) 


HIGH LEVEL (tIOV) 
AH0141 (10H) 
AH0133 <30n) 
AH0134 <80n) 


HIGH LEVEL (±10V) 
AH0145 (10n) 
AH0139 (30n) 
AH0142 <80n> 


HIGH LEVEL (±10V> 
AH0146 (10n) 
AH0144 (30n) 
AH0143 (80n) 


MEDIUM LEVEL (±7.5V) 
AH0153 <15n) 
AH0154 (50n) 


MEDIUM LEVEL (±7.5V) 
AH0151 (15n> 
AH0152 (50n) 


MEDIUM LEVEL (±7.5) 
AH0163 (15n) 
AH0164 (50n) 


MEDIUM LEVEL (+7.5V) 
AHOtel (15n> 
AH0162 (50n) 


7-4 



absolute maximum ratings 


Total Supply Voltage (V + - V”) 

Analog Signal Voltage (V + - V A or V A - V“) 
Positive Supply Voltage to Reference (V + - V R ) 
Negative Supply Voltage to Reference (V R - V~) 
Positive Supply Voltage to Input (V + - V, N ) 

Input Voltage to Reference (V )N - V R ) 
Differential Input Voltage (V )N - V )N2 ) 

Input Current, Any Terminal 
Power Dissipation 

Operating Temperature Range AH01 00 Series 
AH0100C Series 


Storage Temperature Range 

Lead Temperature (Soldering, 10 sec) 


Medium 

Level 


See Curve 
-55°C to +125°C 
-25° C to +85° C 
-65°C to +1 50°C 
300°C 


electrical characteristics for "HIGH LEVEL" Switches (Note 1) 


DUAL DPDT 
SPST (DIFF) 


V + = 12.0V, V" = -18.0V, V R = 0.0V 


Logic "1" 

Input Current 

Logic "0" 

Input Current 

Positive Supply Current 
Switch ON 

Negative Supply 
Current Switch ON 

Reference Input 
(Enable) ON Current 

Positive Supply 
Current Switch OFF 

Negative Supply 
Current Switch OFF 

Reference Input 
(Enable) OFF Current 


Driver Leakage Current I (l D + l s ) Q 


Switch Leakage 
Current 


Switch Leakage 
Current 


Switch Turn-ON Time Hon 


Switch Turn-ON Time I Iqn 


Switch Turn-OFF Time I t Q FF 


AH0134 AH0142 

AH0133 AH0139 


AH0134 AH0142 

AH0133 AH0139 


AH0141 AH0145 


AH0134 AH0142 

AH0133 AH0139 


AH0141 AH0145 


See Test C 
V A = ±10V T 

See TestC 
V A = ±10V T 

See Test C 
V A = ±10V 1 

See Test C 
V A = ±10V T 


0.8 1.0 ms 


0.9 1.6 ms 


1.1 2.5 ms 


Note 1: Unless otherwise specified these limits apply for -55°C to +125°C for the AH0100 series 
and -25°C to +85°C for the AH0100C series. All typical values are for T A = 25°C. 

Note 2: For the DPST and Dual DPST, the ON condition is for V||\j = 2.5V; the OFF condition 
is for V|jg = 0.8V. For the differential switches and SW1 and 2 ON, Vj (\j2 = 2.5V, Vjni = 3.0V. 
For SW3 and 4 ON, V| N2 = 2.5V, V|N 1 = 2.0V. 


AH0120 / AH0130 / AH0140 /AH0150 /AH0160 Series 





AH0120/AH0130/AH0140/AH0150/AH0160 Series 


electrical characteristics for "medium level" Switches (Note n 


DEVICE TYPE 


DUAL 

DPST 


DUAL 

SPST 


DUAL 

DPDT 


SPDT 

(DIFF) 


V + = +15. OV, V~ = -15V, V R = OV 


Logic "1" 

Input Current 

Logic "0" 

Input Current 

Positive Supply 
Current Switch ON 

Negative Supply 
Current Switch ON 

Reference Input 
(Enable) ON Current 

Positive Supply 
Current Switch OFF 

Negative Supply 
Current Switch OFF 

Reference Input 
(Enable) OFF Current 

Switch ON Resistance 


Switch ON Resistance 


Driver Leakage Current 


Switch Leakage 
Current 


Switch Leakage 
Current 


Switch Turn-ON Time 


Switch Turn-ON Time 


Switch Turn-OFF Time 


Switch Turn-OFF Time 


■FKOFF) 

r ds(ON) 

r ds(ON) 


•dioffi OR 

's(OFF) 

•dioffi OR 

•s(OFF) 


All Circuits 

All Circuits 

All Circuits 

All Circuits 

All Circuits 

All Circuits 

All Circuits 

All Circuits 


Over Temp. Range 
T a = 25°C 


AH0153 

AH0154 

AH0153 

AH0154 

AH0153 


AH0151 

AH0163 

AH0152 

AH0164 

All C 

rcuits 

AH0151 

AH0163 

AH0152 

AH0164 

AH0151 

AH0163 

AH0152 

AH0164 

AH0151 

AH0163 

AH0152 

AH0164 


AH0161 

AH0162 

AH0161 

AH0162 

AH0161 


One Driver ON Note 2 

One Driver ON Note 2 

One Driver ON Note 2 
Vini = V, N2 = 0 8V 
V,ni = V tN2 = 0.8V 

V|N1 = V|N2 = 0.8V 

V D = 7 5V 
l D = 1 mA 

V D = 7.5V 
l D = 1 mA 

V D = V s = -7.5V 
V DS = ±15V 
V DS = ± 15.0V 


Over Temp. Range 
T a = 25° C 


Over Temp. Range 
Ta = 25°C 


Over Temp. Range 
T a = 25° C 


Over Temp. Range 
T a = 25°C 


Over Temp. Range 
T a = 25°C 


25 

-10 


Over Temp Range 
T a = 25°C 


Over Temp. Range 
T a = 25°C 


Over Temp. Range 
T a = 25°C 


Over Temp. Range 
T a = 25° C 


100 

2 


Over Temp. Range 
T a = 25°C 


500 

10 


Over Temp. Range 
T a = 25°C 


Over Temp. Range 


See Test Circuit 
V A = ±7.5V 
T a = 25° C 

See Test Circuit 
V a = ±7.5V 
T a = 25° C 

See Test Circuit 
V A = ±7.5V 
T a = 25° C 

See Test Circuit 
V A = ±7.5V 
T a = 25°C 


pA 
A A 


pA 

mA 


mA 

mA 


mA 

mA 


mA 

pA 


pA 

pA 


pA 

PA 


pA 

a 


n 

nA 


pA 


Note 1: Unless otherwise specified, these limits apply for -55°C to +125°C for the AH0100 series 
and -25°C to +85°C for the AH0100C series. All typical values are for = 25°C. 

Note 2: For the DPST and Dual DPST, the ON condition is for V|n = 2.5V; the OFF condition 
is for V||\] = 0.8V. For the differential switches and SW1 and 2 ON, V|n 2 = 2.5V, Vjni = 3.0V. 
For SW3 and 4 ON, V (N2 = 2.5V, V, N1 = 2.0V. 
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typical performance characteristics 


Power Dissipation 
vs Temperature 



a 25 50 75 100 125 


ON Supply Current 
vs Temperature 



r ds(ON) vs Temperature 
AH0120 thru AH0140 Series 



-75 -50 -25 0 25 50 75 100 125 


TEMPERATURE (°C) 


TEMPERATURE (°C) 


TEMPERATURE (°C> 


r ds(ON) vs Temperature 
AH0150/AH0160 Series 


Leakage Current vs Temperature 
AH0120, AH0130, & AH0140 


Leakage Current vs Temperature 
AH0150& AH0160 



TEMPERATURE (°C) 


TEMPERATURE (°C) 


TEMPERATURE (°C) 


Single Ended Switch Input 
Threshold vs Temperature 



-75 -50 -25 0 25 50 75 100 125 

TEMPERATURE (°C) 


Differential Switch Input 
Threshold vs Temperature 



-75 -50 -25 0 25 50 75 100 125 

TEMPERATURE (°C) 


switching time test circuits 


Single Ended Input 


Differential Input 
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AH0120/AH0130 /AH0140 / AH0150 /AH0160 Series 







AH0120/AH0130/AH0140/AH0150/AH0160 Series 


applications information 

1. INPUT LOGIC COMPATIBILITY 

A. Voltage Considerations 

In general, the AH0100 series is compatible with 
most DTL, TTL, and RTL logic families. The ON- 
input threshold is determined by the V BE of the 
input transistor plus the V f of the diode in the 
emitter leg, plus I x R 1f plus V R . At room 
temperature and V R = OV, the nominal ON thres- 
hold is:0.7V + 0.7V + 0.2V,= 1.6V. Over temperature 
and manufacturing tolerances, the threshold may 
be as high as 2.5V and as low as 0.8V. The rules 
for proper operation are: 

V in - V R > 2.5V All switches ON 

Vin - V R < 0.8V All switches OFF 



B. Input Current Considerations 

Iin(on)» the current drawn by the driver with 
V !N = 2.5V is typically 20 /iA at 25°C and is guar- 
anteed less than 120 /iA over temperature. DTL, 
such as the DM930 series can supply 180 /iA at 
logic “1" voltages in excess of 2.5V. TTL output 
levels are comparable at 400 juA. The DTL and 
TTL can drive the AH0100 series directly. How- 
ever, at low temperature, DC noise margin in the 
logic "1” state is eroded with DTL. A pull-up re- 
sistor of 10 k£2 is recommended when using DTL 
over military temperature range. 

If more than one driver is to be driven by a DM930 
series (6K) gate, an external pull-up resistor should 
be added. The value is given by: 

R P = j^jforN>2 


where: 

R P = value of the pull-up resistor in k£2 
N = number of drivers. 

C. Input Slew Rate 

The slew rate of the logic input must be in excess 
of 0.3V//xs in order to assure proper operation of 
the analog switch. DTL, TTL, and RTL output 
rise times are far in excess of the minimum slew 
rate requirements. Discrete logic designs, however, 
should include consideration of input rise time. 

2. ENABLE CONTROL 

The application of a positive signal at the V R 


terminal will open all switches. The V R (ENABLE) 
signal must be capable of rising to within 0.8V of 
Vin(on) ' n t * ie OFF state and of sinking I R (on) 
milliamps in the ON state (at V| N(0 n) - V R > 
2.5V). The V R terminal can be driven from most 
TTL and DTL gates. 

3. DIFFERENTIAL INPUT CONSIDERATIONS 

The differential switch driver is essentially a differ- 
ential amplifier. The input requirements for proper 
operation are: 

IV,ni-V IN2 I>0.3V 

2.5 < (V IN1 or V IN2 ) - V R < 5V 

The differential driver may be furnished by a DC 
level as shown below. The level may be derived 
from a voltage divider to V + or the 5V V cc of 
the DTL logic. In order to assure proper operation, 
the divider should be "stiff” with respect to l| N2 . 
Bypassing R1 with a 0.1 fJt F disc capacitor will 
prevent degradation of t 0 N ar| d t OFF . 




Alternatively, the differential driver may be driven 
from a TTL flip-flop or inverter. 



JL 


1/6 DM5404 | f 

TT 


Connection of a 1 mA current source between V R 
and V” will allow operation over a ±10V common 
mode range. Differential input voltage must be less 
than the 6V breakdown, and input threshold of 
2.5V and 300mV differential overdrive still prevail. 
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4. ANALOG VOLTAGE CONSIDER ATIONS 

The rules for operating the AH0100 series at 
supply voltages other than those specified essen- 
tially breakdown into OFF and ON considerations. 
The OFF considerations are dictated by the maxi- 
mum negative swing of the analog signal and the 
pinch off of the JFET switch. In the OFF state, 
the gate of the FET is at V” + V BE + V SAT or 
about 1.0V above the V - potential. The maximum 
V P of the FET switches is 7V. The most negative 
analog voltage, V A , swing which can be accomo- 
dated for any given supply voltage is: 

IV A | < I V" I— V P - V BE - V SAT or 

IV a I<IV“I- 8.0 or IVI>IV A I+8.0V 

For the standard high level switches, V A <!- 1 8 1 
+8 = -10V. The value for V + is dictated by the 
maximum positive swing of the analog input volt- 
age. Essentially the collector to base junction of 
the turn-on PNP must remain reversed biased for 
all positive value of analog input voltage. The base 
of the PNP is at V + - V SAT - V BE or V + - 1.0V. 
The PNP's collector base junction should have at 
least 1.0V reverse bias. Hence, the most positive 
analog voltage swing which may be accommodated 
for a given value of V + is: 


V A < V + - V SAT - V BE - 1.0V or 

V A < V + - 2.0V or V + > V A + 2.0V 

For the standard high level switches, V A = 12- 
2.0V = +10V. 

5. SWITCHING TRANSIENTS 

Due to charge stored in the gate-to-source and 
gate-to-drain capacitances of the FET switch, tran- 
sients may appear in the output during switching. 
This is particularly true during the OFF to ON 
transition. The magnitude and duration of the 
transient may be minimized by making source 
and load impedance levels as small as practical. 



Furthermore, transients may be minimized by 
operating the switches in the differential mode; 
i.e., the charge delivered to the load during the 
ON to OFF transition is, to a large extent, can- 
celled by the OFF to ON transition. 


typical applications 

Programmable One Amp Power Supply 



Four to Ten Bit D to A Converter (4 Bits Shown) 
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AH0120/AH0130/AH0140/AH0150/AH0160 Series 




AH0120/ AH0130/AH0140/ AH0150/ AH0160 Seri 


typical applications (con't) 

Four Channel Differential Transducer Commutator 


jo » p H ; iM ~ o<il 


^ A 

A! A 

k ko 


A A 




Gain: 22 

Commutation Rate: 500 kHz 


4x4 Cross Point Analog Switch 





i r^” 

i i 

I ( Om 

16. I 


Switching Time - 800 ns 
"ON" Resistance - 45n 
"OFF" Resistance -10 10 fi 


Delta Measurement System for Automatic Linear Circuit Tester 

i 1 L 


'%T~T 


Note: SI must be open fot 50ms min to take first reading with l L = 50 mA. Second reading is taken with 
S2 closed. With SI and other set-up forcing functions under computer control, system will measure line 
and load regulation on voltage regulators, voltage gain, offset current, CMRR and PSRR on op amps as 
well as other circuits requiring measurement of the change of a parameter with the change of a forcing function. 


Analog Input Range - +7.5V 

Equt = 10* (Analog Input 2 - Analog Input 1) 

Error Rate - 0.01% F. S./sec 


Precision Long Time Constant Integrator with Reset 



Four Channel Commutator 


LI t l 

i — A-- 1 — i r — i 



i,,,,,.,, | ~ J Integration Internal = 10 sec 

-'-A o i P> — 1 ^-J— ^ ’Integration Error = 100/uV 

m L __J ~ Reset Time: 30ms 

ed to zero. ^ 1 ? 


Analog Signal Range: 15 V P .| 
Sample Rate: 1 1VIHz 
Acquisition Time: 20ms 
Drift Rate: 0.5 mV/sec 
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Analog Switches 


AH 2114/ AH 2114 C DPST analog switch 


general description 

The AH21 14 is a DPST analog switch circuit com- 
prised of two junction FET switches and their 
associated driver. The AH21 14 is designed to fulfill 
a wide variety of high level analog switching appli- 
cations including multiplexers, A to D Converters, 
integrators, and choppers. Design features include: 

■ Low ON resistance, typically 750 

■ High OFF resistance, typically 10 n O 

■ Large output voltage swing, typically ±1 OV 


■ Powered from standard op-amp supply voltages 
of ±1 5V 

■ Input signals in excess of 1 MHz 

■ Turn-ON and turn-OFF times typically 1 n$ 

The AH2114 is guaranteed over the temperature 
range -55°C to +125°C whereas the AH2114C is 
guaranteed over the temperature range 0°C to 
+85°C. 


schematic and connection diagrams 



ac test circuit and waveforms 


E, n . R s = 600;: 
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AH 2114/ AH 2114C 




AH2114/AH 2114 C 


absolute maximum ratings 

Vplus Supply Voltage +25V 

Vminus Supply Voltage -25V 

Vplus-Vminus Differential Voltage 40V 

Logic Input Voltage 25V 

Power Dissipation (Note 3) 1.36W 

Operating Temperature Range 

AH2114 -55°C to +125°C 

AH2114C 0°C to +85° C 

Storage Temperature Range -65°C to +125°C 

Lead Temperature (Soldering, 10 sec) 300°C 


electrical characteristics (Notes i and 2) 


PARAMETER 


AH2114 

AH2114C 

UNITS 


MIN 

TYP 

MAX 

MIN 

TYP 

MAX 

Static Drain-Source 

l D = 1.0 mA, V GS = 0V, T a = 25° C 


75 

100 


75 

125 

£2 

"On" Resistance 

l D = 1.0 mA, V GS = 0V 



150 



160 

£2 

Drain-Gate 

V DS = 20V, V GS = -7V, T a = 25° C 


0.2 

1.0 


0.2 

5.0 

nA 

Leakage Current 




60 



60 

nA 

FET Gate-Source 

l G = 1.0 /tx A 

35 



35 



V 

Breakdown Voltage 

> 

o 

o 

> 








Drain-Gate 

V DG = 20V, l s = 0 


4.0 

5.0 


4.0 

5.0 

pF 

Capacitance 

f = 1.0 MHz, T a = 25°C 








Source-Gate 

V DG - 20V, l D = 0 


4.0 

5.0 


4.0 

5.0 

pF 

Capacitance 

f= 1.0 MHz, T a = 25° C 








Input 1 Turn-ON Time 

V IN1 = 10V, T a = 25° C 
(See Figure 1 ) 


35 

60 


35 

60 

ns 

Input 2 Turn-ON Time 

V| N2 = 10V, T a = 25° C 
(See Figure 1 ) 


1.2 

1.5 


1.2 

1.2 

MS 

Input 1 Turn-OFF Time 

V, N1 = 10V, T A = 25° C 
(See Figure 1 ) 


0.6 

0.75 


0.6 

0.75 

jus 

Input 2 Turn-OFF Time 

V IN2 = 10V, T A - 25° C 
(See Figure 1 ) 


50 

80 


50 

80 

ns 

DC Voltage Range 

T a = 25° C 
(See Figure 2) 

±9.0 

±10.0 


±9.0 

±10.0 


V 

AC Voltage Range 

T a = 25° C 
(See Figure 2) 

±9.0 

±10.0 


±9.0 

±10.0 


V 


Note 1: Unless otherwise specified these specifications apply for pin 12 connected to +15V, pin 2 
connected to -15V, -55°C to 125°C for the AH21 14, and 0°C to 85°C for the AH21 14C. 

Note 2: All typical values are for T ^ = 25°C. 

Note 3: Derate linearly at 100°C/W above 25°C. 
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Analog Switches 


AH5009 series low cost analog current switches 


general description 

The AH5009 series is a versatile family of analog 
switches designed to economically fulfill a wide 
variety of multiplexing and analog switching appli- 
cations. 

Even numbered switches (AH5010, AH5012, 
AH5014, etc.,) may be driven directly from 
standard (5V) TTL; whereas the odd numbered 
switches (AH5009, AH5011, AH5013, etc.,) are 
intended for applications utilizing open-collector 
(15V) structures. 


features 

■ Large analog signal range 

■ Excellent isolation 
between channels 

■ Very low leakage 

■ High switching speed 

■ Low on resistance 

■ Interfaces with standard TTL 


±10V peak 

80 dB 
at 1 kHz 


functional and schematic diagrams (See additional types on page 7-18.) 


MUX Switches 
(4 channel version shown) 


SPST Switches 


MUX Switches 



SPST Switches 


(4 channel version shown) 

(quad version shown) 

COMPENSATING FET 

3C ^ir° 

IT ^ 

— T I 

1 4 2 

I o o 

j 3 ' 

1 ,0 -r-i^ 

1 'TY-, 

i— r I 

+ — -I A 

i . _ I 7 

I 5 7 

I "TV" 

f t Y 

\ — -T T 

4- — A A 

T 10 J 

! 13 0 • I 1 

1 2 10 
! ,,0- T ir“°' 

iJY 

, 12 14 

L---T T 

| 13 15 

*=* UNCOMMITTED ORAINS 


connection diagrams 


Dual-ln-Line Package 


Dual-In-Line Package 


Dual-ln-Line Package 



Order Number: 
AH5017CN 
AH5018CN 
AH5019CN 
AH5020CN 
AH5020CN 
AH5021CN 
AH5022CN 
AH5023CN 
AH5024CN 
See Package 20 



Order Number: 
AH5009CN 
AH5010CN 
AH5013CN 
AH5014CN 
See Package 22 



Order Number 
AH5011CN 
AH5012CN 
AH5015CN 
AH5016CN 
See Package 23 
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AH5009 




AH5009 


absolute maximum ratings 




Input Voltage (V, N ) 


±30V 




Positive Analog Signal Voltage (V A ) 

30V 




Negative Analog Signal Voltage (V A ) 

-15 V 




Diode Current 


10 mA 




Drain Current (l D ) 


30 mA 




Power Dissipation (see graph) 

500 mW 




Operating Temperature Range 

-25°C to +85°C 




Storage Temperature Range 

-65° C to +1 50° C 




Lead Temperature (Soldering, 10 sec.) 

300° C 




electrical characteristics 

(each channel) 




PARAMETER (Note 2) 

CIRCUIT TYPE 

CONDITIONS (Note 1) 

TYP 

MAX 

UNITS 

Input Current "ON" 

All 

V|N = ov, l D = 2 mA, T a = 25°C 

.01 

.1 

HA 

(1 IN(ON)) 

V IN = 0V, l D = 2 mA 


100 

AA 

Input Current "OFF" 

5VTTL 

V, N = 4.5V, V A = ±10V, T a = 25° C 

.04 

.2 

nA 

(1 IN(OFF) ) 

V 1N = 4.5V, V A = ±10V 


10 

nA 

Input Current "OFF" 

15VTTL 

V, N = 1 1 V, V A = ±10V, T a = 25° C 

.04 

.2 

nA 

(1 IN(OFF)) 

10 

nA 

Channel Control Voltage 

5VTTL 

V A = ±10V, l D = 1 mA 


.5 

V 

"ON" (V 1N(ON) ) 

15VTTL 

V A = ±10V, l D = 1 mA 


1.5 

V 

Channel Control Voltage 

5VTTL 

V A = ±10V 


4.5 

V 

"OFF" (V| N ( OFF) ) 

15VTTL 

V A = ±10V 


11 

V 

Leakage Current "OFF" 

5VTTL 

V, N = 4.5V, V A = ±10V, T a = 25°C 

.02 

.2 

nA 

(•d(off)) 

V IN = 4.5V, V A = ±10V 


10 

nA 

Leakage Current "OFF" 

15VTTL 

V, N = +1 1 V, V A = ±10V, T a = 25° C 

.02 

.2 

nA 

Od(off)) 

V IN = +11V, V A = ±10V 


10 

nA 

Leakage Current "ON" 

5VTTL 

Vin = 0V, l s = 1mA, T a = 25°C 

.3 

1 

nA 

(Idion)) 

V, N = 0V, l s = 1 mA 


.2 

A A 

Leakage Current "ON” 

15VTTL 

V|n = 0V, l s = 1 mA, T A =25°C 

.1 

.5 

nA 

(Id(ON)) 

V, N = 0V, l s = 1 mA 


.1 

MA 

Leakage Current "ON" 

5VTTL 

V | m = 0V, l s = 2 mA, T a = 25° C 


1 

juA 

Od(on) 

V| N = 0V, l s = 2 mA 


10 

aa 

Leakage Current "ON" 

15VTTL 

Vin = 0V, l s = 2 mA, T a = 25°C 


2 

nA 

0d(ON)) 

Vin = 0V, l s = 2 mA 


1 

AA 

Drain-Source Resistance 

5VTTL 

V 1N = 0.5V, l D = 2 mA, T A = 25°C 

90 

150 

r i 

"ON" (r DS(ON) ) 

V, N =0.5V, l D = 2 mA 


240 

a 

Drain-Source Resistance 

15VTTL 

V, N = 1.5V, l D = 2 mA, T a = 25°C 

60 

100 

n 

"ON" (r DS(ON) ) 

V| N = 1.5V, l D = 2 mA 


160 

n 

r ds(on) Match (Effective 

15VTTL MUX 

V, N = 1.5V, l D = 2 mA 


50 

a 

r DS(ON) ) ( r DS(ON) EFF.) 

5VTTL MUX 

V, N = 0.5V, l D = 2 mA 


Turn-On Time (t (0 N)) 

All 

See AC Test Circuits, T A = 25°C 

150 

500 


Turn-Off Time (t (0 FF)) 

All 

See AC Test Circuits, T A = 25°C 

300 

500 

■SM 

Cross Talk (CT) 

All 

See AC Test Circuits, T A = 25°C 

120 


wM i 

Note 1: Unless otherwise noted, these specifications apply for — 25°C to +85°C for AH5009C through AH5012C. 


Note 2: “OFF" and "ON" 

notation refers to the conduction state of the FET switch. 
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AH5009 






AH500 


applications information 


Theory of Operation 

The AH5009 series of analog switches are pri- 
marily intended for operation in current mode 
switch applications; i.e., the drains of the FET 
switch are held at or near ground by operating into 
the summing junction of an operational amplifier. 
Limiting the drain voltage to under a few hundred 
mV eliminates the need for a special gate driver. 
Thus, the switch may be controlled with conven- 
tional TTL elements (5V) or with the open collec- 
tor (15V) structures. 

Two basic switch configurations are available: 
multiple independent switches (N by SPST) and 
multiple pole switches used for multiplexing 
(NPST-MUX). The MUX versions such as the 
AH5009 offer common drains and include a series 
FET operated at V GS = OV. The additional FET is 
placed in feedback path in order to compensate for 
the "ON" resistance of the switch FET as shown 
in Figure 1. 

The closed-loop gain of Figure 1 is: 

R 2 + r DS(ON)Q2 
A vcl 

R 1 + r DS(ON)Q1 




FIGURE 2. On Leakage Current, lp{0N) 

Secondly, the r DS(ON ) of the FET begins to 
"round" as l s approaches l DSS . A practical rule of 
thumb is to maintain l s at less than 1/10 of l DSS . 

Combining the criteria from the above discussion 
yields: 


FIGURE 1. Use of Compensation FET 


which ever is worse. 

Where: V A(MAX ) = Peak amplitude of the ana- 
log input signal 

A d = Desired accuracy 

'd(on) = Leakage at a given l s 

'dss = Saturation current of the 

FET switch 


In a typical application, V A might = ±10V, A D = 
0.1 %, 0°C < T a < 85°C. The criterion of equation 
(2b) predicts: 

10V 

R i<m,n) > = 5kn 


For R-, = R 2 , gain accuracy is determined by the 
r os(ON) match between and Q 2 . Standard 
match between 0^ and Q 2 is 50f2 resulting in a 
gain accuracy of 0.5% (for R 1 = R 2 = 10k). 
Tighter r DS ( 0 N) match versions are available. 

Noise Immunity 

The switches with the source diodes grounded 
exhibit improved noise immunity for positive 
analog signals in the "OFF" state. With V IN = 15V 
and the V A = +10V, the source of Qi is clamped 
to about 0.6V by the diode (V GS = 14.4V). The 
"ON" impedance of the diode is about 2612 
ensuring that AC signals imposed on the +10V 
will not gate the FET "ON." 

Selection of Gain Setting Resistors 

Since the AH5009 series of analog switches are 
operated current mode, it is generally advisable to 
make the signal current as large as possible. How- 
ever, current through the FET switch tends to for- 
ward bias the gate to channel (source) diode 
resulting in leakage across the diode. This leakage, 
I D (on)» increases exponentially with increasing l s . 
As shown in Figure 2, Iq(on) represents a finite 
error in the current reaching the summing junction 
of the op amp. 


For R-, = 5k, l s = 10V/5k or 2 mA. The electrical 
characteristics guarantee an Id(on) < 1#*A at 85°C 
for the AH5010C. Per the criterion of equation 
(2a): 

(10V)(10- 3 ) 

Rkmin) > — ; — ~TT > 10kH 

1 x 10~ 6 

Since equation (2a) predicts a higher value, the 
10k resistor should be used. 



The "OFF" condition of the FET also effects gain 
accuracy. As shown in Figure 3, the leakage across 
Q 2 , Id(off) represents a finite error in the current 
arriving at the summing junction of the op amp. 


7-16 



applications information (con't) 


ANALOG 




Accordingly: 


R 1(MAX) < 

Where: V A(M | N) 

a d 

N 

•d(off) 


Va(MIN) a d 
(N) I D(OF F) 

= Minimum value for the ana- 
log input signal 

= Desired accuracy 
= Number of channels 

= OFF leakage of a given FET 
switch 


As an example, if N = 10, A D = 0.1%, and Id(off) 
< 10 nA at 85°C for the AH5009C, R 1(MA x) is: 


R 1(MAX) < 


(1VM10- 3 ) 
(10)(10 x 10" 9 ) 


10k 


Selection of R 2 , of course, depends on the gain 
desired and for unity gain Rt = R 2 . 

Lastly, the foregoing discussion has ignored resis- 
tor tolerances, input bias current and offset 
voltage of the op amp — all of which should be 
considered in setting the overall gain accuracy of 
the circuit. 

TTL Compatibility 

Two input logic drive versions of AH5009 series 
are available: the even numbered part types are 
specified to be driven from standard 5V-TTL logic 


and the odd numbered types from 15V open 
collector TTL. 

Standard TTL gates pull-up to about 3.5V (no 
load). In order to ensure turn-off of the even 
numbered switches such as AH5010, a pull-up 
resistor, R EX t» of at least 10 k£2 should be placed 
between the 5V V cc and the gate output as shown 
in Figure 4. 

Likewise, the open-collector, high voltage TTL 
outputs should use a pull-up resistor as shown in 
Figure 5. In both cases, t( Q FF) * s improved for 
lower values of R EXT and the expense of power 
dissipation in the low state. 



FIGURE 6. Definition of Terms 


Definition of Terms 

The terms referred to in the electrical character- 
istics tables are as defined in Figure 6. 
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AH5009 




AH5009 


device schematics and pin connections 


FOUR CHANNEL 


AH5009CN (RdS(ON) < 100ft 15v ' TTL) 
AH5010CN (RdS(ON) < 150ft 5V * TTL) 
14 PIN DIP 



AH501 1CN (RDS(ON) < 100ft 15V ' TTL) 
AH5012CN (RDS(ON) < 15012 5V - TTL) 
16 PIN DIP 




THREE CHANNEL 


AH5013CN (RdS(ON) ^ 100ft 15V - TTL) 
AH5014CN (RDS(ON) ^ 150ft 5V - TTL) 
14 PIN DIP 



AH5015CN (RDS(ON) < 100ft 15V - TTL) 
AH5016CN (RDSION) < 150ft 5V - TTL) 
16 PIN DIP 



TWO CHANNEL 


AH5017CN (RDS(ON) ^ 100ft 15V - TTL) 
AH5018CN (RdS(ON) ^ 150ft 5V - TTL) 

8 PIN DIP 



AH5019CN (RDS(ON) £ 100J2 15V - TTL) 
AH5020CN (RDS(ON) £ 150ft 5V - TTL) 

8 PIN DIP 



11 13 


SINGLE CHANNEL 


AH5021CN (RdS(ON) < 100ft 15V - TTL) 
AH5022CN (RdS(ON) < 150ft 5V - TTL) 

8 PIN DIP 



AH5023CN (RdS(ON) < 100ft 15V - TTL) 
AH5024CN (RdS(ON) < 150ft 5V - TTL) 

8 PIN DIP 



Package Types — 8, 14, 16 pin epoxy "B" 
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AH5009 






AM1000, AM1001, AM100; 


CM 


Analog Switches 


AM1000.AM1001,AM1002 silicon N-channel 
high speed analog switch 


general description 

The AM 1000 series are junction FET integrated cir- 
cuit analog switches. These devices commutate 
faster and with less voltage spiking than any other 
analog switch presently available. By comparison, 
discrete JFET switches require elaborate drive cir- 
cuits to obtain reasonable performance for high 
toggle rates. Encapsulated in a four pin TO-72 
package, these units require a minimum of circuit 
board area. Switching transients are greatly reduced 
by a monolithic integrated circuit process. The 
resulting analog switch device provides the follow- 
ing features: 

■ Low ON Resistance 3012 

■ High Analog Signal Frequency 100 MHz 


■ High Toggle Rate 4 MHz 

■ Low Leakage Current 250 pA 

■ Large Analog Signal Swing ±15V 

■ Break Before Make Action 

The AM 1000 series of analog switches are particu- 
larly suitable for the following applications: 

■ High Speed Commutators 

■ Multiplexers 

■ Sample and Hold Circuits 

■ Reset Switching 

■ Video Switching 


schematic and connection diagram 

TO-72 Package 



TOP VIEW 

Order Number AM1000H 
or AM1001H or AM1002H 
See Package 9A 


equivalent circuit 



External diode required 
for drivers with pull-up circuit. 


typical applications 


±10 Volt Swing Analog Switch 0.5% Accuracy 


±15 Volt Swing Analog Switch 


^ AMIOOOI 





absolute maximum ratings 

AM1001 

V| N (Note 1 ) +50V 

V OUT (Note1) +E>0V 

V ORIVE (Note 1) -E>0V 

V B ias (Note 1) +E.OV 

electrical characteristics 


ON CHARACTERISTICS (Note 2) 


PARAMETER 

CONDITION 


MIN 

TYP 

MAX 

UNITS 

Ron 

Vdr.ve “+15V, V BIAS = -15V 
l, N = 1 mA, Vqut = 0V 

AM 1001 

20 

40 

50 

n 

Ron 

V D r, ve = +10V, V B | AS = -10V 

AM 1000 

20 

25 

30 

n 


l|N = 1 m A, VpuT = 0V 

AM 1002 

20 

50 

100 

n 


AM 1000 
AM 1002 
+40V 
+40V 
-40V 
+40V 


Power Dissipation @ T A = 25°C 300 mW 

Linear Derating Factor 1.7 mW/°C 

Power Dissipation @ T c = 1 25" C 150 mW 

Linear Derating Factor 6 mW/°C 

Maximum Junction Operating Temperature -55°C to +150°C 
Storage Temperature +200°C 

Lead Temperature (Soldering, 10 sec) +300°C 


OFF CHARACTERISTICS 


PARAMETER 

CONDITION 

AM1000 

AM1001 

AM 1002 

UNITS 



MIN 

TYP 

MAX 

MIN 

TYP 

MAX 


•out (OFF) 

V drive = -20V, V BIAS = -10V 

V IN = -10V, V OUT = +10V 









T a = +25° C 


.05 

.25 


0.5 

1 

nA 


T A = +125°C 


.025 

.25 


0.2 

1 

ma 

•out (OFF) 

V D rive = -20V, V BIAS = -10V 

V 1N = +10V, Vqut = -10V 









T a = +25°C 


.05 

.25 


0.5 

1 

nA 


T a = +125° C 


05 

.25 


0.2 

1 

PA 


DRIVE CHARACTERISTICS (Note 3) 


PARAMETER 

CONDITION 

MIN 

TYP 

MAX 

UNITS 

•drive 

V D rive =■ -20V, V BIAS = -10V AM 1000, 1001, 1002 


5 

10 

mA 

(Switch OFF) 

V, N = ±10V, Vqut = ±10V 






SWITCHING CHARACTERISTICS 


PARAMETER 

CONDITION 

AM 1000 

MAX 

AM1001 

MAX 

AM1002 

MAX 

UNITS 

l ON 

See Switching Time 

100 

150 

200 

ns 

'OFF 

Test Circuit 

100 

100 

100 

ns 


Note 1: The maximum voltage ratings may be applied between any pin or pins simultaneously. Power dissipation may be 
exceeded in some modes if the voltage pulse exceeds 10 ms. Normal operation will not cause excessive power dissipation 
even in a "D.C." switching application. 

Note 2: All parameters are measured with external silicon diodes. See electrical connection diagram for proper diode 
placement. 

Note 3: I (BIAS) (Switch OFF) is equal to I (DRIVE) (Switch OFF). I (BIAS) (Switch ON), is equal to external diode leakage. 
Note 4: Rise and fall times of V^rive shall be 15 ns maximum for switching time testing. 


switching time test circuit and waveforms 
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AM1000 AM1001. AM1002 




AM 2009/ AM2009C/MM4504/MM5504 


KIS Analog Switches 

AM 2009/AM 2009 C/MM 4 504/MM 5 504 
six channel MOS multiplex switches 


general description 

The AM2009/AM2009C/MM4504/MM5504 are six 
channel multiplex switches constructed on a single 
silicon chip using low threshold P-channel MOS 
process. The gate of each MOS device is protected 
by a diode circuit. 

features 

■ Typical low "on” resistance 150£2 

■ Typical low "off” leakage 100 pA 

■ Typical large analog voltage range ±10V 

■ Zero inherent offset voltage 

■ Normally off with zero gate voltage 


The AM2009/AM2009C/MM4504/MM5504 are de- 
signed for applications such as time division multi- 
plexing of analog or digital signals. Switching 
speeds are primarly determined by conditions 
external to the device such as signal source imped- 
ance, capacitive loading and the total number of 
channels used in parallel. 

The AM2009/MM4504 are specified for operation 
over the -55°C to +125°C military temperature 
range. The AM2009C/MM5504 are specified for 
operation over the -25°C to +85°C temperature 
range. 


schematic diagram 



Order Number 
AM2009F or AM2009CF 
MM4504F or MM5504F 
See Package 4 


Order Number 
AM2009D or AM2009CD 
MM4504D or MM5504D 
See Package 1 


typical applications 


ANALOG INPUTS 




ADDRESS SELECT 
1-6 


ADDRESS SELECT 
7-12 


TTL Compatible 6 Channel MUX 


32 Channel MUX 
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absolute maximum 

ratings 

(V BULK = 0V) 



Voltage on Any Source or Drain 


-30V 

Total Power Dissipation (at T A = 25°C) 

900 mW 

Voltage on Any Gate 


-35V 

Power Dissipation — each gate circuit 

150 mW 

Positive Voltage on Any Pin 


+0.3V 

Operating Temperature Range AM2009 

-55°C to +125°C 

Source or Drain Current 


50 mA 

AM2009C 

-25°C to +85°C 

Gate Current (forward direction of zener clamp) 

0.1 mA 

Storage Temperature Range 

Lead Temperature (Soldering, 10 sec) 

-65°C to +150°C 
300°C 


electrical characteristics (Notei) 


PARAMETER 

CONDITIONS 

LIMITS 

UNITS 

MIN 

TYP 

MAX 

Threshold Voltage 

V G s = V DS , l DS = -1 AA 

-1.0 


-3.0 

V 

DC ON Resistance 

V gs = -20V, l D s = -100 aA, 






T a = 25°C 


150 

250 

n 

DC ON Resistance 

V GS = -10V, V SB = -20V, 






l DS = -100 aA, T a = 25°C 


500 

1250 

n 

DC ON Resistance 

V gs = -20V, Ids = -100 a A 



325 

n 

DC ON Resistance 

V GS = -10V, V SB = -20V, 






Ids = - 100 a A 



1500 

n 

Gate Leakage 

V GS = -20V, Note 2 



1.0 

aa 


V GS = -20V, Note 2, T A = 25°C 


100 


pA 

Input Leakage 

V DS = -20V, Note 2 



1.0 

aa 


V DS = -20V, Note 2, T A = 25°C 


100 


pA 

Output Leakage 

V SD = -20V, Note 2 



3.0 

aa 


V SD = -20V, Note 2, T A = 25°C 


500 


pA 

Gate-Bulk Breakdown 

*gb = -10 aA, Note 2 

-35 



V 

Voltage 






Source-Drain Breakdown 

Isd = -10 aA, v gd = 0, 





Voltage 

Note 2 

-30 



V 

Drain-Source Breakdown 

Ids = -10 aA, V gs = 0, 





Voltage 

Note 2 

-30 



V 

Transconductance 



4000 


mhos 

Gate Capacitance 

Note 3, f = 1 MHz 


4.7 

8 

pF 

Input Capacitance 

Note 3, f = 1 MHz 


4.6 

8 

pF 

Output Capacitance 

Note 3, f = 1 MHz 


16 

20 

pF 


Note 1 : Ratings apply over the specified temperature range and VgijLK = 0, unless otherwise specified. 

Note 2: All other pins grounded. 

Note 3: Capacitance measured on dual-in-line package between pin under measurement to all other pins. Capacitances are 
guaranteed by design. 


typical performance characteristics 


"ON” Resistance vs Gate-to- 
Source Voltage 


"ON" Resistance vs T 
Temperature 


Input Leakage Current vs 
Temperature 




-30 -25 -20 -15 -10 -5 

V GS (V) 


-50 -25 0 25 50 75 100 125 

TEMPERATURE ( C) 



TEMPERATURE (C) 
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AM2009/AM2009C/MM4504/MM5504 




AM3705/ AM3705C 


NS Analog Switches 

AM3705/AM3705C 8-channel MOS analog multiplexer 
general description 


The AM3705/AM3705C is an eight-channel MOS 
analog multiplex switch. TTL compatible logic 
inputs that require no level shifting or input 
pull-up resistors and operation over a wide range 
of supply voltages is obtained by constructing the 
device with low threshold P-channel enhancement 
MOS technology. To simplify external logic re- 
quirements, a one-of-eight decoder and an output 
enable are included in the device. 

Important design features include: 

■ TTL/DTL compatible input logic levels 

■ Operation from standard +5V and -1 5V supplies 

■ Wide analog voltage range — ±5V 

■ One-of-eight decoder on chip 

■ Output enable control 


■ Low ON resistance — 15012 

■ Input gate protection 

■ Low leakage currents — 0.5 nA 

The AM3705/AM3705C is designed as a low cost 
analog multiplex switch to fulfill a wide variety of 
data acquisition and data distribution applications 
including cross-point switching, MUX front ends 
for A/D converters, process controllers, automatic 
test gear, programmable power supplies and other 
military or industrial instrumentation applications. 

The AM3705 is specified for operation over the 
-55°C to +125°C military temperature range. The 
AM3705C is specified for operation over the -25°C 
to +85°C temperature range. 




Order Number 
AM3705D or AM3705CD 
See Package 2 
AM3705F or AM3705CF 
See Package 5 


block diagram (mil std 806B) 


DATA INPUT 


S ' S, 

° ? 

CHAI 

s 3 s 

o 

MNEL NO S 

4 Sr, 

1 o 

S 6 s 7 

o u 

S 8 

X. 

Lm 

XJ 

nd 

i 

lib 

LJ 

ilib 
1 1 

m 

I 


ONE OUT OF EIGHT DECODER 

— i * Vss 

V DD 


2° 2' 2 2 OUTPUT 

ENABLE 

— "Both Vss lines are internally 

logic input connected; either one or 

both may be used. 


truth table 



typical application 


Buffered 8-Channel Multiplex, Sample and Hold 



Analog Signal Range - 0.5V 
Acquisition Time - 25 ns 
Drift Rate - 0.5 mV/sec 
Aperature Time - 250 ns 
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absolute maximum ratings 





Positive Voltage on Any Pin (Note 1) 

+0.3V 





Negative Voltage on Any Pin (Note 1) 

-35V 





Source to Drain Current 


±30 mA 





Logic Input Current 


±0.1 mA 





Power Dissipation (Note 2) 


500 mW 





Operating Temperature Range AM3705 

-55°C to +125°C 





AM3705C 

-25° C to +85°C 





Storage Temperature Range 


-65°C to +150°C 





Lead Temperature (Soldering, 10 sec) 

300° C 





electrical characteristics 

(Note 3) 







CONDITIONS 

LIMITS 




MIN 

TYP 

MAX 


ON Resistance 

Ron 

Vim = Vssi Iout = 100 pA 


80 

250 

n 

ON Resistance 

Ron 

V = -5V; Iout = -100 pA 


160 

400 

n 

ON Resistance 

Ron 

V|n = -5V; | OUT = -100pA 





AM3705 


T A = +125°C 



400 

n 

AM3705C 


T a = +70°C 



400 

n 

ON Resistance 

Ron 

Vin = +5V; V DD = -15V; 

Iout = 100 pA 


100 


n 

ON Resistance 

Ron 

V,n = 0V, V DD = -15V, 

Iout = - 1 00 pA 


150 


n 

ON Resistance 

Ron 

V| N = -5V; V DD = -15V; 

Iout = -100 pA 


250 


n 

OFF Resistance 

r off 



10io 


n 

Output Leakage Current 

Ilo 

Vss- V out= 15V 


0.5 

10 

nA 

AM3705 

•lo 

V S s-Vout= 15V;T a = 125°C 


150 

500 

nA 

AM3705C 

•lo 

Vss-Vqut- 15V;T a = 70°C 


35 

500 

nA 

Data Input Leakage Current 

•ldi 

V SS ~ Vin - 15V 


0.1 

3.0 

nA 

AM3705 

•ldi 

V ss - V| N = 15V; T a = 125°C 


25 

500 

nA 

AM3705C 

•ldi 

V S s - V, N = 15V; T a = 70°C 


0.5 

500 

nA 

Logic Input Leakage Current 

lu 

V SS - V Logic In = 15V 


.001 

1 

pA 

AM3705 

II. 

V ss - V Logic | n = 15V; T A = 125°C 


.05 

10 

pA 

AM3705C 

'Ll 

Vss - V Logic ln = 15V ; T a = 70°C 


.05 

10 

pA 

Logic Input LOW Level 

V, L 

V ss = +5.0V 


0.5 

1.0 

V 

Logic Input LOW Level 

V, L 


Vdd 


Vss ~ 4.0 

V 

Logic Input HIGH Level 

V, H 

V ss = +5.0V 

3.0 

3.5 


V 

Logic Input HIGH Level 

V, H 


V ss - 2-0 


V ss + 0.3 

V 

Channel Switching Time-Positive 

t + 

| Switching Time 


300 


ns 

Channel Switching Time-Negative 

t" 

j Test Circuit 


600 


ns 

Channel Separation 


f = 1 kHz 


62 


dB 

Output Capacitance 

Cdb 

Vss- V O uT = 0;f= 1 MHz 


35 


pF 

Data Input Capacitance 

Csb 

Vss - Vqip = 0; f = 1 MHz 


6.0 


PF 

Logic Input Capacitance 

Ccg 

Vss - V Logic In = 0; f = 1 MHz 


6.0 


pF 

Power Dissipation 

Pq 

V DD = -31V, V ss = 0V 


125 

175 

mW 

Note 1: All voltages referenced to V§s- 






Note 2: Ratings applies for ambient temperatures to +25° C, derate linearly at 3 mW/°C for ambient temperatures above +25°C. 

Note 3: Specifications apply for T^ = 25° C, 

-24V < Vpp < —20V, and +5.0V < V§^ < +7.0V; unless otherwise specified j 

(all voltages are referenced to ground). 
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AM3705/AM3705C 




AM3705/AM3705C 


typical performance characteristics 


ON Resistance vs Analog 
Input Voltage 


ON Resistance vs 
Ambient Temperature 


ON Resistance vs Vqd 
S upply Voltage 




-75 -50 -25 0 25 50 75 100 125 

TEMPERATURE (°C) 



-10 -15 -20 -25 

V DD SUPPLY (V) 


Output Leakage Current vs 
Ambient Temperature 



0 25 50 75 100 125 

TEMPERATURE (°C) 


switching time test circuit 



typical applications (con't.) 


Differential Input MUX 



8-Channel Demultiplexer with Sample and Hold 



16-Channel Commutator 



Wide Input Range Analog Switch 



7-26 




Analog Switches 


MM450/MM550, M M 451/MM 5 51 , 


MM452/MM552, MM455/MM555 MOS analog switches 


general description 

The MM450, and MM550 series each contain 
four p channel MOS enhancement mode transis- 
tors built on a single monolithic chip. The four 


transistors are arranged 
MM450, MM550 

MM451, MM551 

MM452, MM552 

MM455, MM555 


follows: 

Dual Differential 
Switch 
Four Channel 
Switch 

Four MOS Transis- 
tor Package 
Three MOS Tran- 
sistor Package 


These devices are useful in many airborne and 
ground support systems requiring multiplexing, 
analog transmission, and numerous signal routing 
applications. The use of low threshold transistors 
(Vjh = 2 volts) permits operations with large ana- 
log input swings (±10 volts) at low gate voltages 
(—20 volts). Significant features, then, include: 


■ Large Analog Input Swing ±10 Volts 

■ Low Supply Voltage VguLK = + Volts 

V GG = “20 Volts 

■ Low ON Resistance V|n = —10V 150£2 

V| N = +10V 75H 

■ Low Leakage Current 200 pA @ 25°C 

■ Input Gate Protection 

■ Zero Offset Voltage 

Each gate input is protected from static charge 
build-up by the incorporation of zener diode pro- 
tective devices connected between the gate input 
and device bulk. 

The MM450, MM451, MM452 and MM455 are 
specified for operation over the -55° C to +125°C 
military temperature range. The MM550, MM551, 
MM552 and MM555 are specified for operation 
over the -25°C to +70°C temperature range. 


schematic and connection diagrams 


TOP VIEW 



Note: Pin 5 connected to case and device bulk. 
MM450, MM550 


Order Number MM450H or MM550H 
See Package 12 


TOP VIEW 



bulk. Drain and Source may be interchanged. 
MM455, MM555 

Order Number MM455H or MM555H 
See Package 12 



have same pin connections as MM452F and MM552F 
shown above. 

Order Number MM452F or MM552F 
See Package 4 

Order Number MM452D or MM552D 
See Package 1 


TOP VIEW 
OUTPUT 
(SOURCE) 



Note: Pin 5 connected to case and device bulk. 
MM451, MM551 

Order Number MM451H or MM551H 
See Package 12 
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MM450/MM550, MM451/MM551, MM452/MM552 . MM455/MM555 



MM450/MM550' MM451/MM551. MM452/MM552, MM455/MM555 


absolute maximum ratings MM 4 M .mm 4 b,.mm 4 h.mm 4 B 6 

MM550, MM551, MM552, MM555 

Gate Voltage (V GG ) 

+10V to -30V 


+ 10V to -30V 


Bulk Voltage ( V bulk) 

+10V 



+10V 


Analog Input (Vjn ) 

+ 10V to -20V 


+10V to -20V 


Power Dissipation 

200 mW 


200 mW 


Operating Temperature 

-55° C to +125°C 


-25° C to 70° C 


Storage Temperature 

-65° C to +150°C 


-65 C to 

+150 C 


electrical characteristics 

STATIC CHARACTERISTICS (Note 1) 






PARAMETER 

CONDITION 

MIN 

TYP 

MAX 

UNITS 

Analog Input Voltage 




±10 

V 

Threshold Voltage (V GS{T )) 

V dg = Id = 1 MA 

1.0 

2.2 

3.0 

V 

ON Resistance 

< 

2 

II 

1 

O 

< 


150 

600 

£2 

ON Resistance 

CO 

CO 

> 

II 

z 

> 


75 

200 

12 

OFF Resistance 



10 10 


12 

Gate Leakage Current (l GSB ) 

V GS = -25V, V BS = 0, T A = 25° C 


20 


pA 

Input (Drain) Leakage Current 

MM450, MM451, MM452, MM455 

T a = 25°C 


.025 

100 

nA 


T a = 85° C 


.002 

1.0 

juA 


T a = 125° C 


.025 

1.0 

MA 

Input (Drain) Leakage Current 

MM550, MM551, MM552, MM555 

T a = 25° C 


0.1 

100 

nA 


T a = 70° C 


.030 

1.0 

ma 

Output (Source) Leakage Current 

MM450, MM451 , MM452, MM455 

T a = 25° C 


.040 

100 

nA 

Output (Source) Leakage Current 

MM450 

T A = 85° C 



1.0 

juA 

MM451 

T a = 85° C 



1.0 

ma 

MM452, MM455 

T a = 85° C 



1.0 

ma 

MM450, MM451 , MM452, MM455 

T a = 125°C 



1.0 

ma 

Output (Source) Leakage Current 

MM550 

T a = 70° C 



1.0 

ma 

MM551 

T a = 70°C 



1.0 

ma 

MM552, MM555 

T a = 70°C 



1.0 

juA 

DYNAMIC CHARACTERISTICS 

Large Signal Transconductance 

V DS = -10V, l D = 10 mA 
f = 1 kHz 


4000 


jumhos 

CAPACITANCE CHARACTERISTICS (Note 2) 

PARAMETER 

DEVICE TYPE 

MIN 

TYP 

MAX 

UNITS 

Analog Input (Drain) Capacitance (C DB ) 

ALL 


8 

10 

pF 


MM450, MM550 


11 

14 

pF 

Output (Source) Capacitance (C SB ) 

MM451 , MM551 


20 

24 

pF 

MM452, MM552 


7.5 

11 

PF 


MM455, MM555 


7.5 

11 

PF 


MM450, MM550 


10 

13 

pF 

Gate Input Capacitance (C GB ) 

MM451, MM551 


5.5 

8 

PF 

MM452, MM552 


5.5 

9 

PF 


MM455, MM555 


5.5 

9 

PF 

Gate to Output Capacitance (C GS ) 

ALL 


3.0 

5 

pF 

Note 1: The resistance specifications apply for -55°C <Ta < + 85°C, V GG = -20V, V B y LK = 

+10V, and a test current of 1 mA. Leakage current is measured with all pins held at ground except 



the pin being measured which is biased at -25V. 

Note 2: All capacitance measurements are made at 0 volts bias at 1 MHz. 
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MM450/MM550. MM451/MM551 . MM452/MM552 . MM455/MM555 


typical input capacitance characteristics 


MM450, MM550 



-10 -6 -2 +2 +6 +10 
V.n (V) 


MM451 , MM551 



-10 -6 -2 +2 +6 +10 
V,n (V) 


MM452, MM552 , MM455, MM555 

C IN vs V IN 



V, N (V) 


typical applications (con't) 




4-Channel Multiplexer* 


•Expansion in the number of data input lines is 
possible by using multiple level series switches 
allowing the same decode gates to be used for 
all lower rank decoding. 
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MM454/MM554 four-channel 
general description 

The MM454/MM554 is a four-channel analog com- 
mutator capable of switching four analog input 
channels sequentially onto an output line. The 
device is constructed on a single silicon chip using 
MOS P Channel enhancement transistors; it con- 
tains all the digital circuitry necessary to sequen- 
tially turn ON the four analog switch transistors 
permitting multiplexing of the analog input data. 


The device features: 

■ High Analog Voltage Handling ±10V 

■ High Commutating Rate 500 kHz 

■ Low Leakage Current (T A = 25°C) 200 pA 

(T a = 85°C) 50 nA 


Analog Switches 


commutator 


■ All Channel Blanking input provided 

■ Reset capability provided 

■ Low ON Resistance 20012 

In addition, the MM454/MM554 can easily be 
applied where submultiplexing is required since a 
4:1 clock countdown signal is provided which can 
drive theclock input of subsequent MM454/MM554 
units. 

The MM454 is specified for operation over the 
-55°C to +125°C military temperature range. The 
MM554 is specified for operation over the -25°C 
to +70°C temperature range. 


schematic and connection diagrams 


ANALOG 

INPUTS 



ANALOG 

OUTPUT 


OUTPUT 

4:1 

COUNTDOWN 



Order Number MM454F or MM554F 
See Package 4 
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MM454/MM554 




MM454/MM554 


absolute maximum ratings (Note d 





Gate Voltage (V GG ) 

+10V to -30V 




Bulk Voltage (V ss ) 


+10V 




Analog Input (V )N ) 

+10V to -20V 




Power Dissipation 

200 mW 




Operating Temperature MM454 

-55°C to +1 25°C 




MM554 

-25° C to +70° C 




Storage Temperature 

-65°C to +1 50° C 




static characteristics (Note 2 ) 






PARAMETER 

CONDITION 

MIN 

TYP 

MAX 

UNITS 

Analog Input Voltage 




±10 

V 

ON Resistance 

V IN = -10V 


170 

600 

n 

ON Resistance 

C/3 

>“ 

II 

z 

> 


90 

200 

n 

OFF Resistance 



10'° 


n 

Analog Input Leakage Current MM454 

T A = 25° C 


.050 

100 

nA 

MM454 

T a = 85° C 


.006 

1.0 

/iA 

MM554 

T a = 25° C 


.0001 

100 

nA 

MM554 

T a = 70°C 


.030 

1.0 

ma 

Analog Output Leakage Current MM454 

T a = 25°C 


0.100 

100 

nA 

MM454 

T a = 85° C 


30 

1.0 

/tA 

MM554 

T A = 25° C 


.0001 

100 

nA 

MM554 

T a =70°C 


.030 

1.0 

ma 

V ss Supply Current Drain 

V ss = + 12V 


3.8 

5.5 

mA 

V GG Supply Current Drain 

V GG = -24V 


2.4 

3.5 

mA 

capacitance characteristics 

PARAMETER 

CONDITION 

MIN 

TYP 

MAX 

UNIT 

Analog Input Capacitance Channel OFF 

■iim =0 


4 

6 

pF 

Analog Input Capacitance Channel ON 

1 IN = 0 


20 

24 

PF 

Analog Output Capacitance 

I.N =0 


20 

24 

pF 

Clock Input 

V CL = +12V 


2.0 


PF 

Reset Input 

V RESET = +12V 


2.0 


PF 

Blanking Input 

V B lank = + 12V 


2.0 


pF 

clock characteristics (Note 3) 

PARAMETER 

CONDITION 

MIN 

TYP 

MAX 

UNIT 

Clock Input (H 1 GH ) ( 4 ) 


< 

C/3 

1 

ro 


Vss 

V 

Clock Input (LOW) 


-5 

0 

+5 

V 

Clock Input Rise Time (POS GOING) 


IS 

o requiremer 

it 


Clock Input Fall Time (NEG GOING) 




20 

/tsec 

Countdown Output (POS) V OH 


V SS -2 


Vss 

V 

Countdown Output (NEG) V OL 



0 


V 

Maximum Commutation Rate 


0.5 

2.0 


MHz 

v ss 


+ 10.0 

+12 

+ 14 

V 

Note 1: Maximum ratings are limiting values above which the device may be damaged. All voltages 


referenced to Vqd = 0. 






Note 2: These specifications apply over the indicated operating temperature range for Vqq = - 

24V, 


Vnn = 0V, Vrr = + 12V, Vrfrft = +12V, Vri ANK = +12V. ON resistance measured at 1 

mA, 


OFF resistance and leakage measured with all analog inputs and output common. Capacitance measured 


at 1 MHz. 






Note 3: Operating conditions in Note 2 apply. Vgs to Vqd (0V) voltage is applied to counting and 


gating circuits. Vqq is required only for analog switch biasing. All logic inputs are high resistance and 


are essentially capacitive. 






Note 4: Logic input voltage must not be more positive than VgS- 
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typical performance characteristics 


Ron vs Analog Voltage 


Vbulk = +12V 
"Vr.r. =- 24 V " 


C IIVI vs V IN 


-10 -8 -6-4-2 0 +2 +4 +6 +8 +10 

V, n ANALOG INPUT VOLTAGE (V) 


-10 -8 -6-4-2 0 +2 +4 +6 +8 +10 

V m ANALOG INPUT VOLTAGE (V) 


Plus V|n (max) vs VbuLK 


Minus Vjn (max) vs Vqq 



+9 10 11 12 13 14 

V, n MAXIMUM POSITIVE GOING 
ANALOG EXCURSION (V) 



-2 -4 -6 -8-10-12-14-16-18-20 


V in MAXIMUM NEGATIVE 
ANALOG EXCURSION (R on = 1 Kft) (V) 


timing diagram 




OUTPUT "0" - 
COUNTDOWN "V* 


NOTE: "0" LEVEL = +12V 

"1" LEVEL = OV(GND) 
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New Products 


LF156 monolithic JFET input operational amplifier 


general description 

The LF156 is the first monolithic JFET input operational 
amplifier to incorporate well-matched, high voltage 
JFETs on the same chip .with standard bipolar transis- 
tors. The amplifier features low input bias and offset 
currents, low offset voltage and offset voltage drift, 
coupled with offset adjust which does not degrade drift 
or common-mode rejection. The device was also designed 
for high slew rate, wide bandwidth, extremely fast 
settling time, low voltage and current noise and a low 
1/f noise corner. 


features 

■ Low input current 

■ Low offset voltage 

■ Guaranteed offset voltage drift 

■ Low input noise voltage 


30 pA 
3 mV 
5juV/°C 
12nV/\/Hz 


■ Low 1/f noise corner <100 Hz 

■ Wide bandwidth 5 mHz 

■ Fast slew rate 15V/jUs 

■ Fast settling to 0.01% 1.4jus 


■ Internally compensated 

■ Stable with large capacitive loads 

■ Operates from standard op amp supplies 

applications 

■ Precision high speed integrators 

■ Sample and hold circuits 

■ Fast D/A and A/D converters 

■ Low noise amplifiers for high impedance transducers 

■ Wideband low noise, low drift amplifiers 

■ High impedance buffers 

■ High frequency, high impedance active filters 


connection diagram 

Metal Can Package 

CURRENT SOURCE REFERENCE 



TOP VIEW 


typical application 

v + 



adjust is not used. 
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New Products 




New Products 


LM388 1.5 watt audio power amplifier 
general description 

The LM388 is an audio amplifier designed for use in ■ 
medium power consumer applications. The gain is ■ 

internally set to 20 to keep external part count low, B 

but the addition of an external resistor and capacitor 
between pins 2 and 6 will increase the gain to any value 
up to 200. 

The inputs are ground referenced while the output is ^ 
automatically biased to one half the supply voltage. 


Self-centering output quiescent voltage 
Variable voltage gain 
Low distortion 

Fourteen pin dual-in-line package 


applications 

■ AM-FM radio amplifiers 

■ Portable tape player amplifiers 


features 

■ Minimum external parts 

■ Wide supply voltage range 

■ Excellent supply rejection 

■ Ground referenced input 


4V to 12V 
50 dB 


TV sound systems 
Lamp drivers 
Line drivers 
Ultrasonic drivers 
Small servo drivers 
Power converters 









New Products « 


LM556 dual timer 


general description 

The LM556 dual monolithic timing circuit is a highly 
stable controller capable of producing accurate time 
delays or oscillation. The LM556 is a dual LM555. 
Timing is provided by an external resistor and capacitor 
for each timing function. The two timers operate 
independently of each other sharing only V cc and 
ground. The circuits may be triggered and reset on 
falling waveforms. The output structures may sink or 
source 150 mA. 


features 

■ Timing from microseconds to hours 

■ Replaces two LM555 timers 

■ Operates in both astable, monostable and time delay 
modes 

■ High output current 

■ Adjustable output current 

■ TTL compatible 

■ Temperature stability of 3% over entire temperature 
range 


connection diagram 


Dual-In-Line Package 
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New Products 

















Definition of Terms 


voltage regulators 

Current-Limit Sense Voltage: The voltage across 
the current limit terminals required to cause the 
regulator to current-limit with a short circuited 
output. This voltage is used to determine the value 
of the external current-limit resistor when external 
booster transistors are used. 

Dropout Voltage: The input-output voltage dif- 
ferential at which the circuit ceases to regulate 
against further reductions in input voltage. 

Feedback Sense Voltage: The voltage, referred to 
ground, on the feedback terminal of the regulator 
while it is operating in regulation. 

Input Voltage Range: The range of DC input volt- 
ages over which the regulator will operate within 
specifications. 

Line Regulation: The change in output voltage for 
a change in the input voltage. The measurement is 
made under conditions of low dissipation or by 
using pulse techniques such that the average chip 
temperature is not significantly affected. 

Load ^Regulation: The change in output voltage 
for a change in load current at constant chip 
temperature. 

Long Term Stability: Output voltage stability 
under accelerated life-test conditions at 125°C 
with maximum rated voltages and power dissipa- 
tion for 1000 hours. 

Maximum Power Dissipation: The maximum total 
device dissipation for which the regulator will 
operate within specifications. 


Output-Input Voltage Differential: The voltage 
difference between the unregulated input voltage 
and the regulated output voltage for which the 
regulator will operate within specifications. 

Output Noise Voltage: The RMS AC voltage at the 
output with constant load and no input ripple, 
measured over a specified frequency range. 

Output Voltage Range: The range of regulated 
output voltages over which the specifications 
apply. 

Output Voltage Scale Factor: The output voltage 
obtained for a unit value of resistance between the 
adjustment terminal and ground. 

Quiescent Current: That part of input current to 
the regulator that is not delivered to the load. 

Ripple Rejection: The line regulation for AC input 
signals at or above a given frequency with a speci- 
fied value of bypass capacitor on the reference 
bypass terminal. 

Standby Current Drain: That part of the operating 
current of the regulator which does not contribute 
to the load current. 

Temperature Stability: The percentage change in 
output voltage for a thermal variation from room 
temperature to either temperature extreme. 


operational amplifiers 

Bandwidth: That frequency at which the voltage 
gain is reduced to My/2 times the low frequency 
value. 

Common Mode Rejection Ratio: The ratio of the 
input voltage range to the peak-to-peak change 
in input offset voltage over this range. 

Harmonic Distortion: That percentage of har- 
monic distortion being defined as one-hundred 
times the ratio of the root-mean-square (rms) sum 
of the harmonics to the fundamental. % harmonic 
distortion = 

(V 2 2 + V 3 2 + V 4 2 + . . .) 1/2 (100%) 

V, 

where V-] is the rms amplitude of the fundamental 
and V 2 , V 3 , V 4 , ... are the rms amplitudes of the 
individual harmonics. 


Input Bias Current: The average of the two input 
currents. 

Input Impedance: The ratio of input voltage to 
input current under the stated conditions for 
source resistance (R s ) and load resistance (R L ). 

Input Offset Current: The difference in the cur- 
rents into the two input terminals when the out- 
put is at zero. 

Input Offset Voltage: That voltage which must be 
applied between the input terminals through two 
equal resistances to obtain zero output voltage. 

Input Resistance: The ratio of the change in input 
voltage to the change in input current on either 
input with the other grounded. 

Input Voltage Range: The range of voltages on the 
input terminals for which the amplifier operates 
within specifications. 
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Definition of Terms 


operational amplifiers (con't) 

Large-Signal Voltage Gain: The ratio of the output 
voltage swing to the change in input voltage 
required to drive the output from zero to this 
voltage. 

Output Impedance: The ratio of output voltage to 
output current under the stated conditions for 
source resistance (R s ) and load resistance (R L ). 

Output Resistance: The small signal resistance 
seen at the output with the output voltage near 
zero. 

Output Voltage Swing: The peak output voltage 
swing, referred to zero, that can be obtained 
without clipping. 

Offset Voltage Temperature Drift: The average 
drift rate of offset voltage for a thermal variation 
from room temperature to the indicated tempera- 
ture extreme. 

Power Supply Rejection: The ratio of the change 
in input offset voltage to the change in power 
supply voltages producing it. 


Settling Time: The time between the initiation of 
the input step function and the time when the 
output voltage has settled to within a specified 
error band of the final output voltage. 

Slew Rate: The internally-limited rate of change 
in output voltage with a large-amplitude step func- 
tion applied to the input. 

Supply Current: The current required from the 
power supply to operate the amplifier with no 
load and the output at zero. 

Transient Response: Theclosed-loop step-function 
response of the amplifier under small-signal 
conditions. 

Unity Gain Bandwidth: The frequency range from 
DC to the frequency where the amplifier open 
loop gain rolls off to one. 

Voltage Gain: The ratio of output voltage to in- 
put voltage under the stated conditions for source 
resistance (R s ) and load resistance (R L ). 


voltage comparators/buffers 

Input Bias Current: The average of the two input 
currents. 

Input Offset Current: The absolute value of the 
difference between the two input currents for 
which the output will be driven higher than or 
lower than specified voltages. 

Input Offset Voltage: The absolute value of the 
voltage between the input terminals required to 
make the output voltage greater than or less than 
specified voltages. 

Input Voltage Range: The range of voltage on the 
input terminals (common mode) over which the 
offset specifications apply. 

Logic Threshold Voltage: The voltage at the out- 
put of the comparator at which the loading logic 
circuitry changes its digital state. 

Negative Output Level: The negative DC output 
voltage with the comparator saturated by a dif- 
ferential input equal to or greater than a specified 
voltage. 

Output Leakage Current: The current into the 
output terminal with the output voltage within a 
given range and the input drive equal to or greater 
than a given value. 

Output Resistance: The resistance seen looking 
into the output terminal with the DC output level 
at the logic threshold voltage. 

Output Sink Current: The maximum negative cur- 
rent that can be delivered by the comparator. 


Positive Output Level: The high output voltage 
level with a given load and the input drive equal to 
or greater than a specified value. 

Power Consumption: The power required to oper- 
ate the comparator with no output load. The power 
will vary with signal level, but is specified as a 
maximum for the entire range of input signal 
conditions. 

Response Time: The interval between the applica- 
tion of an input step function and the time when 
the output crosses the logic threshold voltage. The 
input step drives the comparator from some initial, 
saturated input voltage to an input level just barely 
in excess of that required to bring the output from 
saturation to the logic threshold voltage. This 
excess is referred to as the voltage overdrive. 

Saturation Voltage: The low-output voltage level 
with the input drive equal to or greater than a 
specified value. 

Strobe Current: The current out of the strobe 
terminal when it is at the zero logic level. 

Strobed Output Level: The DC output voltage, 
independent of input conditions, with the voltage 
on the strobe terminal equal to or less than the 
specified low state. 

Strobe ON Voltage: The maximum voltage on 
either strobe terminal required to force the output 
to the specified high state independent of the 
input voltage. 
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voltage comparators/buffers (con't) 


Strobe OFF Voltage: The minimum voltage on the 
strobe terminal that will guarantee that it does not 
interfere with the operation of the comparator. 

Strobe Release Time: The time required for the 
output to rise to the logic threshold voltage after 
the strobe terminal has been driven from zero to 
the one logic level. 


Supply Current: The current required from the 
positive or negative supply to operate the com- 
parator with no output load. The power will vary 
with input voltage, but is specified as a maximum 
for the entire range of input voltage conditions. 

Voltage Gain: The ratio of the change in output 
voltage to the change in voltage between the input 
terminals producing it. 


functional blocks 

(LM122/LM222/LM322, LM2905/LM3905 only) 


Maximum Power Dissipation: The maximum total 
device dissipation for which the timer will operate 
within specifications. 

Timing Ratio: The ratio of the firing voltage at the 
R/C pin to the reference voltage. 

Comparator Input Current: The average current 
flowing from the R/C pin during the timing cycle. 

Trigger Voltage: The voltage required at the trigger 
terminal to initiate a timing cycle, referenced to 
the ground pin. 

Output Leakage Current: The maximum current 
flowing into the collector of the output transistor 
when the transistor is in the "off” state. 

Reset Resistor: The equivalent resistor which may 
be used to calculate the discharge time of the tim- 
ing capacitor. t D iscnARGE = (5) (C t ) (Rreset)- 


Collector Saturation Voltage: The collector to 
emitter voltage on the output transistor when it is 
in the "on" state with specified sink current flow- 
ing into the collector terminal. 

Emitter Saturation Voltage: The voltage across the 
output transistor when the collector is tied to V + , 
the transistor is in the "on" state, and the speci- 
fied output current is flowing from the emitter 
terminal. 

Capacitor Saturation Voltage: The offset voltage 
remaining on the timing capacitor after capacitor 
discharge current has dropped to zero. 

Trigger Current: The current flowing into or out 
of the trigger terminal at the specified trigger vol- 
tage. 

R t : Timing resistor connected between V REF and 
the R/C terminal. 

C t : Timing capacitor connected between the R/C 
terminal and the ground terminal. 


consumer circuits 

AGC DC Output Shift: The shift of the quiescent 
1C output voltage of the AGC section for a given 
change in AGC central voltage. 

AGC Figure of Merit (AGC Range): The widest 
possible range of input signal level required to 
make the output drop by a specified amount from 
the specified maximum output level. 

AGC Input Current: The current required to bias 
the central voltage input of the AGC section. 

AM Rejection Ratio: The ratio of the recovered 
audio output produced by a desired FM signal of 
specified level and duration to the recovered audio 
output produced by an unwanted AM signal of 
specified amplitude and modulating index. 

Channel Separation: The level of output signal of 
an undriven amplifier with respect to the output 
level of an adjacent driven amplifier. 


Detection Bandwidth: That frequency range about 
the free running frequency of the tone decoder/ 
phase locked loop where a signal above a specified 
level will cause a detected signal condition at the 
output. 

Detection Bandwidth Skew: The measure of how 
well the detection bandwidth is centered about 
the free running frequency. It is equal to the maxi- 
mum detection bandwidth frequency plus the 
minimum detection bandwidth frequency minus 
twice the free running frequency. 

Hold In Range: That range of frequencies about 
the free running frequency for which the phase 
locked loop will stay in lock if initially starting 
out in lock. 

Input Bias Current: The average of the two input 
currents. 
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Definition of Terms 


consumer circuits (con't) 

Input Resistance: The ratio of the change in input 
voltage to the change in input current on either 
input with the other grounded. 

Input Sensitivity: The minimum level of input 
signal at a specified frequency required to produce 
a specified signal-to-noise ratio at the recovered 
audio output. 

Input Voltage Range: The range of voltages on 
the input terminals for which the amplifier operates 
within specifications. 

Large-Signal Voltage Gain: The ratio of the output 
voltage swing to the change in input voltage re- 
quired to drive the output from zero to this 
voltage. 

Limiting Threshold: In FM the input signal level 
which causes the recovered audio output level to 
drop 3 dB from the output level with a specified 
large signal input. 

Lock In Range: That range of frequencies about 
the free running frequency for which the phase 
locked loop will come into lock if initially starting 
out of lock. 

Maximum Sweep Rate: The maximum rate that 
the VCO may be made to vary its oscillating fre- 
quency over its Sweep Range. 

Output Resistance: The ratio of the change in 
output voltage to the change in output current 
with the output around zero. 

Output Voltage Swing: The peak output voltage 
swing, referred to zero, that can be obtained 
without clipping. 


analog switches 

Driver Leakage Current: The sum of the currents 
into the source and drain switch terminals, with 
both held at the same specified voltage. 

Logic "1" Input Voltage: The voltage level which 
is guaranteed to be interpreted by the device as a 
logical "true" signal. 

Logic "0" Input Voltage: The voltage level which 
is guaranteed to be interpreted by the device as a 
logical "false" signal. 

Logic Input Slew Rate: The voltage difference 
between the logic "1" and logic "0" states divided 
by the transistion time. 


Phase Detector Sensitivity: The change in the out- 
put voltage of the phase detector for a given change 
in phase between the two input signals to the 
phase detector. 

Power Bandwidth: That frequency at which the 
voltage gain reduces to 1/\/2 with respect to the 
flat band voltage gain specified for a given load 
and output power. 

Power Supply Rejection: The ratio of the change 
in input offset voltage to the change in power 
supply voltages producing it. 

Slew Rate: The internally limited rate of change 
in output voltage with a large amplitude step 
function applied to the input. 

Supply Current: The current required from the 
power supply to operate the amplifier with no load 
and the output at zero. 

Sweep Range: That ratio of maximum oscillating 
frequency to minimum operating frequency pro- 
duced by varying the central voltage of the VCO 
from its maximum value to its minimum value 
with fixed values of timing resistance and 
capacitance. 

VCO Sensitivity: The change in operating fre- 
quency for a given change in VCO central voltage. 


Switch Leakage Current: The current seen when a 
specified voltage is applied between drain and 
source of a channel that is logically turned off. 

Switch On Resistance: The equivalent resistance 
from source to drain, tested by forcing a specified 
current and measuring the resultant voltage drop. 

Switch Turn-Off Time: The interval between the 
time that the logic input passes through the thresh- 
old voltage and the time that the output goes to 
a specified voltage level in the test circuit. 

Switch Turn-On Time: The interval between the 
time that the logic input passes through the thresh- 
old voltage and the time that the output goes to 
90% of its final value in the specified test circuit. 
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Physical Dimensions 

(All dimensions are in inches.) 
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MIL-STD-883/MIL-M -38510 


Kli 


MIL-STD-883/MIL -M-38510 


Ml L-STD-883 


Mil-Standard-883 is a Test Methods and Procedures 
Document for Microelectronic Circuits. It was 
derived from MIL-S-19500, MIL-STD-750, and 
MIL-STD-202C for transistors and diodes at about 
the time that National Semiconductor Corporation 
was entering the military microelectronics market. 
As a result, our standard quality control operations 
are written around Ml L-STD-883. The bonding 
control, visual inspections, and post seal screening 
requirements set forth by 883 (as well as added 
control procedures beyond the requirements of 
883) have been part of National's quality control 
procedures almost from the start. Our Quality 
Assurance Procedures Manual is available upon 
request. 

We offer a complete line of linear/883 (Class B) 
products as standard, off-the-shelf items. Special 
Linear/883 data sheets have been prepared to 
reflect this capability. They show process flow, 
electrical parameters, end of test criteria, and test 
circuits. We save you the problem of specifying test 
and inspection procedures, and offer significant 
cost savings by having an off-the-shelf, "to the 
letter" 883 program. In addition, we will test any 
of our integrated circuits to any class of MIL- 
STD-883. 

The detailed information concerning Ml L-STD-883 
screening is contained in National's specification 
NSC 10002. 

MIL-M-38510 

MlL-M-38510 specifies the general requirements 
for supplying microcircuits. These are; product 
assurance, which includes screening and quality 
conformance inspection; design and construction; 
marking; and workmanship. The screening and 
quality conformance inspection are conducted in 
accordance with Ml L-STD-883. 

Screening 

All microcircuits delivered in accordance with MIL- 
M-38510 must have been subjected to, and passed 
all the screening tests detailed in Method 5004 of 
Ml L-STD-883 for the type of microcircuit and 
product assurance level. 

The device electrical and package requirements of 
MIL-M-38510 are detailed by a device specification 
referred to as a slash sheet. Each slash sheet defines 
the microcircuit electrical performance and mech- 
anical requirements. Each device listed on a slash 
sheet is referred to as a slash number and the group 
of the microcircuits contained on a slash sheet is 
defined as a family of devices. The device may be 
Class B or C as defined by Ml L-STD-883, Method 
5004 and 5005. Three lead finishes are allowed 
by the slash sheet, pot solder dip, bright tin plate, 
and gold plate. 

The MIL-M-38510 specs for standard linear devices 
require 100% DC testing at 25°C, -55°C and 
+125°C. AC testing is performed at +25°C. The 
electrical parameters specified are tighter than the 
normal data sheet guaranteed limits. Additionally, 


MIL-M-38510 requires device traceability, exten- 
sive documentation and closely matched mainten- 
ance. 

Quality Conformance 

Quality conformance inspection is conducted in 
accordance with the applicable requirements of 
Group A, (electrical test). Group B and C, (environ- 
mental test) of Method 5005, Ml L-STD-883. These 
tests are conducted on a sample basis with GroupA 
performed on each sublot, Group B on each lot, 
and Group C as specified (usually every three 
months). 

To supply devices to MIL-M-38510, the 1C manu- 
facturer must quality the devices he plans to supply 
to the detail specifications. Qualification consists 
of notifying the qualifying activity of one's intent 
to qualify to MIL-M-38510. After passing compre- 
hensive audits of facilities and documentation 
systems, the 1C manufacturer will subject the 
device to and demonstrate that they satisfy all of 
the Group A, B, and C requirements of Method 
5005 of Ml L-STD-883 for the specified classes and 
types of 1C. The qualification tests shall be moni- 
tored by the qualifying agency. Finally the 1C 
manufacturer shall prepare and submit qualifica- 
tion test data to the qualifying agency. Groups A, 
B, and C inspections then shall be performed at 
intervals no greater than three months. 

The purpose of qualification testing is to assure 
that the device and lot quality conform to certain 
standard limits. In effect, lot qualification tests 
tend to ensure that once a particular device type 
is demonstrated to be acceptable,, it's production, 
including materials, processing, and testing will 
continue to be acceptable. These limits are speci- 
fied in Ml L-STD-883 in terms of LTPD's (Lot 
Tolerance Percent Defective) for the various quali- 
fication test sub-groups. Qualification testing is 
performed on a sample of devices which are chosen 
at random from a lot of devices that has satisfac- 
torily completed the screening of Method 5004 
must be performed on each device, i.e. on a 100% 
basis as opposed to qualification testing (Method 
5005) which occurs on a random sample basis. 

In summary, the entire purpose of MIL-M-38510 
and Ml L-STD-883 is to provide the military, 
through its contractors with standard devices. 

We at National Semiconductor have supplied and 
are supplying devices to the MIL-M-38510 specifi- 
cations. To order a MIL-M-38510 microcircuit, 
specify the following: 

For example; to specify an LM741 in a DIP 
processed to the requirements of MIL-M-38510, 


Class B, with 
10101BCC. 

gold 

plated leads, specify M-38510/ 

MM38510/ 

XXX 

XX 

X 

X 

X 

~~T~ 

T 

1 

~T~ 

T 

| 

Specifies the 

Slash 

Device 

Device 

Case 

Lead 

General Require- 
ments of 
MIL-M-38510 

Sheet 

No. 
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Outline 

Finish 
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